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This report documents a study of  a poss ib le  in t e r im  Earth o r b i t a l  

manned space f l i g h t  program t h a t  would maintain continuous manned f l i g h t s  

between t h e  Skylab I mission and Space Stat ionIBase opera t ion .  Although 

t he  Space S h u t t l e  would become opera t iona l  near  t h e  end of  these  in t e r im  

missions, its irspact upon t h i s  program w a s  no t  evaluated. It  consjdered 

an evolut ionary,  gradual,  and step-wise spacec ra f t  sys tems technology 

development from those as used on t h e  Apollos and Skylab I t o  t h a t  rzquired 

f o r  t he  Space S ta t ion .  

versions of  the Saturn IV-B stage, and each would b e  ind iv idua l ly  configured, 

o u t f i t t e d  and launched by INT-21 vehicles .  These spacec ra f t  w e r e  evaluated 

for crews o f  th ree ,  s i x  and nine men and for laission l i f e t i m e s  of one year .  

Twu versions of t h e  Apollo CSN, a t h r e e  man and a fou r  man crew, w e r e  

considered as t h e  l o g i s t i c  vehicle .  

i n t o  o r b i t  by e i t h e r  T i t an  111-M, Saturn I-B, or Sol id  Rocket Motored 

Saturn IV-B iaunch vehic les .  

t he  crew, Apollo CSN and necessary l o g i s t i c s  load  with one launch. 

The four  mission spacec ra f t  were dry vorkshop 

The Apollo CSM's would be  i n s e r t e d  

Only t h e  SRH Saturn IV-B vehic le  can insert 

A s c i e n t i f i c  plan w a s  pos tu la ted  f o r  t h e  program t h a t  could be  

completed during each spacec ra f t ' s  mission by t h e  size of crew ava i l ab le .  

This  s c i e n t i f i c  program over  the  four  missions could accomplish t h e  equi- 

va len t  of two years  of experimental  e f f o r t  on t h e  Space S ta t ion .  

development plan f o r  t h e  l i f e  support  and e l e c - r i c a l  power sys tems w a s  so 

defined t h a t  f i r s t ,  t1.e components would be flown as experiments, and then, 

they would be in t eg ra t ed  i n t o  the  later spacec ra f t  as operat ing systems. 

The s o l a r  ce l l  e l a - t r i c a l  power system o f  the  f i r s t  mission evolves i n t o  a 

l i g h t  weight pane: $7 :em supplemented by ar opera t ing  isotope-Brayton 

system on t he  later missions.  The open l i f e  support  s y s t e m  of the  f i r s t  

mission evolves t o  a system which recovers both water and oxygen on the  

last mission. The da ta  hanc'ling, communications, r ad ia t ion  sh ie ld ing ,  

micrmeteoroid p ro tec t in -  , and o r b i t  keeping systems were determined. 

program cos t s  were estiatated and, excluding opera t iona l  cos t s ,  t he  cos t  

f o r  each mission would a'ierage about $2 b i l l i o n  of vhich  one-sixth would 

be fo r  development, one-fourth f o r  experiments, and the  balance f o r  vehic le  

Requisition. 

A t echnica l  

The 

i 



This p r o g r m  as s tud ied  appears t o  be a v i ab le  in t e r im  a l t e r n a t i v e  

t o  continue atanned Earth o r b i t a l  f l i g h t  should some events  d r a s t i c a l l y  

change current ;iASA plans f o r  t h e  Space S h u t t l e  and the  Space S ta t ion .  

However, t h i s  program is only one of many a l t e r n a t i v e  plans t h a t  should 

be s i m i l a r l y  evaluated. It shot,ld be recognized t h a t  because i t  is an 

interim plan,  i t  would use resources  i n  its development t h a t  could not  be 

recovered in the development e i t h e r  of t h e  Space S h u t t l e  o r  t he  Space 

StationIBase.  
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INTRODUCTION 

A t  t h i s  wr i t i ng  the re  are t h r e e  manned space f l i g h t  programs cur ren t ly  

under s tudy by NASA, i .e. t h e  Earth C r b i t a l  Skylab I ,  the  Space S ta t ion /  

Space Base, and the  Space Shut t le .  There are many technology areas  and 

opera t iona l  c a p a b i l i t i e s  required f o r  t h e  f i r s t  Space S t a t i o n  which can 

only b e  acquired by f l i g h t  experience.  The Skylab I program w i l l  provide 

ex tens ive  f l i g h t  experience; however, t h i s  w i l l  be  l imi t ed  and i t  appears 

reasonable t o  examine i n  d e t a i l  a poss ib l e  in t e r im  space s t a t i o n  program 

between Skylab I and the  Space S ta t ion  t o  obta in  even more experience 

and longer f l i g h t  durat ions than would be  ava i l ab le  from Skylab I. 

purpose of t h i s  repor t  i s  t o  give t h e  r e s u l t s  of t he  s tudy of one such 

interim space s t a t i o n  program which c a p i t a l i z e s  upon t h e  investment which 

is being made i n  the  development of  Skylab I. 

The 

This study had a threefo ld  purpose. The f i r s t  was t o  de l inea te  

an Earth o r b i t  f l i g h t  program t h a t  adds t o  t h e  opera t iona l  and technology 

experience of Skylab I and prepares  f o r  t h e  i n i t i a l  launch of t h e  Space 

S ta t ion .  

1. 

2. 

3. 

4. 

The 

The guide l ines  f o r  such a program are as follows: 

Develop mission con t ro l  and f l i g h t  opera t iona l  experience 
under regular  l o g i s t i c  supply f l i g h t s .  

Examine t h e  d i f f e r e n t  spacec ra f t  sys tems f o r  evolut ionary 
development and i n - f l i g h t  c e r t i f i c a t i o n .  

Examine t h e  implicat ions of crew s i z e  and l o g i s t i c  f l i g h t  
requirements. 

Try t o  maintain a r e l a t i v e l y  continuous manned f l i g h t  
capab i l i t y .  

second purpose was t o  develop an experiment program t h a t  would 

recognize the  status of t h e  technology required as w e l l  as u t i l i z e  the  

unique c h a r a c t e r i s t i c s  of Earth o r b i t  f l i g h t .  

would: 

Such an experiment program 

1. Use man's unique capab i l i t y  t o  perform t h e  experiments. 

2. Give prime p r i o r i t y  t o  Earth or ien ted  and Earth bene f i c i a l  
experimente. 

3. Experimentally develop techniques t o  u t i l i z e  t h e  unique 
environment of Earth o r b i t  for t h e  Space S ta t ion  program. 
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4. Define the  l imi t a t ions  of the  Earth o r b i t  environment upon the 
experimental program. 

The t h i r d  purpose of t h i s  s tudy WES t o  eva lua te  the  usc  t Lhi2 

dry Saturn IV-B s t a g e  as an in te r im Earth orbit spacecraf t .  

evaluat ion involves : 

5uch an 

1. An assessment of the  experiments t o  be  performed, t he  
experiment r e s u l t s ,  and the  s c i e n t i f i c  accomplishments. 

2. An assessment of the technology development gain f o r  t he  Space 
S ta t ion  program t h a t  could r e s u l t  from t h i s  plan,  and f i n a l l y ,  

3. An assessnent  of the program c o s t s  t o  pe rmi t  comparisons 
of t h i s  p l s i  for  f e a s i b i l i t y  wi th  o the r  poss ib le  p lans  o r  program 
a l t e r n a t i v e s .  

The in te r im p r o g r m  which was s e l e c t e d  f o r  s tudy involves the  use of 

four  one-year X f e ,  dry SIV-B s t a t i o n s  launched approximately 2 1 / 2  years 

apart. 

command module was s e l e c t e d  f o r  l c g i s t i c  support .  

2nd a s o l i d  rocket SIV-B s t a g e  launch vehic les  were se l ec t ed  f o r  t he  

l o g i s t i c  launches. 

ava i l ab le  during the  lat ter por t ion  of t h i s  s tud ied  program; however, i t  

was f e l t  t h a t  i ts  use and impact should be  a sepa ra t e  considerat ion of 

t h i s  program i f  it proved t o  be v i ab le  as defined, 

An Apollo CSM l o g i s t i c  system using 3 and 4-men versicjns of t he  

Saturn I-B, T i tan  1 1 1 - M  

It was recognized t h a t  t h e  Space S h u t t l e  would become 

FLIGHT PROGRAM 

Since :he in t e r im  space s t a t i o n  program would , ap i t a l i ze  as much 

as poss ib le  on the  use of hardware t h a t  has been developed pr imari ly  

i n  the  Skylab 1 program, i t  seems t h a t  t h e  la rge  engineering e f f o r t  

required f o r  t he  systems and experiments i n  t h e  Skylab I program should 

be u t i l i z e d  and amortized over more similar type missions provided tha t  

s i g n i f i c a n t  add i t iona l  da ta  could be obtained. Also, some minimum time 
is required betxaen the  end of one f l i g h t  and the  launch of the  next t o  

permlt Incorporat ion of the  minor lessone learned from previous l l i g h t s  

i n t o  the  new vehicle.  

mente and experience r e s u l t i n g  from Skylab I are u t i l i z e d  and t h a t  the  

f l i g h t s  are spaced i t h a t  a time cf  about 1 1 / 2  years  occurs between the  

end of  one space s t r  . on use and t h e  launch of t h e  next vehic le .  

I n  t h i s  study, i t  has been assumed t h a t  t he  develop- 
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The f l i g h t  program t h a t  w a s  formulated as the  baE!s €or  t h i s  study 

This program had been evolved from exasining is shwn i n  Figure 1. 

the  e f f e c t s  of a constant budgetary funding l e v e l  of $3.3 b i l l i c n  upon 

the  NASA f l i g h t  programs, and the  use of ava i l ab le  spacec ra f t  t o  maintain 

manned f l i g h t  between the  Skylab I and t h e  Space S ta t ion /Shu t t l e  f l i g h t s  

This program cons i s t s  of four  d i s t i n c t  space s t a t i o n s  launched a t  2 1 / 2  

year  i n t e r v a l s .  

a f t e r  the  Skylab I mission. 

a t  least one year ,  and thus a l l  systems m u s t  be  q u a l i f i e d  as r e l i a b l e  f o r  

t h i s  time period. 

space i n  a reac t ivable  status a t  t h e  completion of i ts  mission. 

2 1/2 year  i n t e r v a l ,  a major modification, t h e  nee,d f o r  which may become 

apparent on one space s t a t i o n ,  could be  developed and engineered f o r  the  

s t a t i o n  whicb would follow the  next space s t a t i o n  launch. 

t h a t  t he  Apollo program as now configured has  b s e i  assumed t o  terminate 

a f t e r  the  completion o f  t he  Apollo XV f l i g h t .  

i s  shown t o  s ta r t  its f l i g h t s  during t h e  f l i g h t  of t he  later i n t e r '  

s t a t i o n s ,  f o r  s impl i c i ty  i t  was not  c0nsidere.d as a l o g i s t i c  vehi , o r  

t h i s  study. 

The f i r s t  mission is assumed t o  s t a r t  about 2 1 /2  years 

Each mission requi res  a s t a t i o n  l i f e t i m e  of 

Each space s t a t i o n  is assumed t o  b e  l e f t  s to red  i n  

With the  

Figure 1 shows 

Although the  Space S h u t t l e  

,ace 

The f i r s t  space s t a t i o n  would car ry  a crew of three  men continuously 

f o r  one year.  During t h i s  t i m e  t he  crew would grow t o  s i x  men a t  the  

time of l o g i s t i c  resupply  and crew change. 

would have an average crew of s i x  men, a i d  t h e  t h i r d  and t5e  four th  s t a t i o n s  

would have crews of nine  men. 

would be made of having four-man l o g i n t i c  c r a f t  t o  support  t he  l a s t  two 

space s t a t i o n s .  

c r a f t  used, l o g i s t i c  support  intervals  and experiment programs. 

The second space s t a t i o n  

As an opt ion t o  t h i s  program, an eva lua t ion  

The sec t ions  which iollow contain d e t a i l s  of  the  space- 

Spacecraft  

The a s s m $ t i u n  far t h i s  in te r im program t h a t  the  Apollo program is 

terminated a f t e r  Lunar Pl ight  XV, means t h a t  four  Saturn V c l a s s  vehicles  

are not  u t i l i z e d  lin Apollo f l i g h t s  XVI through XIX; thus these  vehic les  may 

be used as the  launch vehicles f o r  t h e  four  in te r im space s t a t i o n s .  

space s t a t i o n s  would be configured as l i v a b l e  opera t iona l  spacecraf t  derived 

from the  Saturn SIV-B upper s t a g e s  i n  the  s i m i l a r  manner t o  t h a t  being 

These 
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used for Skylab I. 

acc-dations f w  a d i f f e ren t  s i zed  crew md for a p a r t i c u l a r  experiment 

program. 

Each space statioii wculd be a unique c r z f t  having 

The SIV-B space s t a t i o n  would t e  launched unmanned and i t  would be 

mimed and l o g i s t i c a l l y  suppl ied by separate lamches  of Apollo cotmaand 

ana service modules (CSM). These would rendezvous with the  spacecraf t  

and keep them manned continuously for  t h e  one-year durat ions of each 

mission. 

Apollo C S M w a s  used as t he  bas i c  supply and Earth re turn  vehicle. 

man version of t he  bo110 vehicle  also has 5een considered as an a l t e r n a t i v e  

approach ic t h i s  sttxiy, f o r  i t  has beer: r a the r  extensively s tud ied ,  and i t  

could be made avai lab le  without extensive vehicle  development. Its 

modifications would cons is t  of l imited chaizees t o  its in t e rna l  arrangements 

and t o  some systems. 

o r b i t  an average of 90 days. 

mission are smwn i n  Figure 2. 

men but m u s t  house s i x  men during l o g i s t i c  crew chan3es. 

average crew s i z e  of s i x  men and mission C and D hav2 nine men. 

of the  four-man Apollo l o g i s t i c  vehicles are consic'ered as alternates f c r  

only Missions C and D. The use of four-lgan Apollos reduces the  number of 

l o g i s t i c  spacecraf t  and hunches  required by one-quarter, but it reduces the  

crew size by only one. 

For t h i s  study the  use of t h e  current  three-raan vers ion of the  

A four- 

It has been assumed char each crew would reieain in 

The space s t a t i o n  c.w complementz for  each 

Mission A has a min--mm c r e w  size of th ree  

Mission B has an 

The use 

Three launch vehicles were considered t o  launch tile t r o w  and suppl ies  

t o  the  o rb i t i ng  s t a t i o n .  

development and ava i l ab i l i t y .  However, when one considers the  la rge  

number of vehicles t h a t  are required, t h i s  development d i f fe rence  is of 

minor importance. The basic  launch vehicle  considered is the  Saturn I-B. 
There are some of tlrese ava i lab le ,  but  t o  complete t h i s  program, i t  would 

be necessary t o  reac t iva te  its productioc. 

T i c a n  111-M. 

Force MOL prcgram was cancelled; however o ther  versions of t h i s  vehicle  are 

current ly  i n  production and use. In using t h i s  vehicle, t he  integrdLion of 

th.? Apollo 2S;4 with this launch vehicle  would be  its primary development 

requirement. The t h i rd  l o g i s t i c  launch kehicle  considered is a new one. 

It would be developed by i n t eg ra t ing  the  120-Inch seven-segment solid rocket 

They a r e  each i n  a d i f f e r e n t  state of technical  

The second lauach vehicle  I s  t h e  

This vehicle w a s  e s s e n t i a l l y  operat ional  at the time t h e  Air 
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motors of the Ti tan  1 1 1 - M  with the  Saturn IV-B s tage .  

aien; f;em f o r  t h i s  launch vehic le  would u e  i n  the  engineering, development, 

and opera t iona l  t e s t i n g  of the in t eg ra t ed  s o l i d  rocket motor f i r s t  s t a g e  

with the l i q u i d  rocket second s tage.  

The major develop- 

Experiment Program 

by nature ,  t he  experiment p lan  f o r  t h i s  evolut ionary space s t a t i o n  

program with the  l imi t ed  resources of spacec ra f t  volume and manpower, is 

a compromise between technological  capab i l i t y  and opera t iona l  p r a c t i c a l i t y .  

The evaluat ions and compromises t h a t  were necessary i n  the  generat ion of 

the  program M e r e  l a rge ly  the  r e s u l t  of sub jec t ive  judgment. The r a t i o n a l e  

behint? the  experiment program recognized t h a t  the  present ly  conceived NASA 

manned space f l i g h t  p l a n  has a s i g n i f i c a n t  "time gap" between t h e  end of 
occupancy of Skylab I and the  f i r s t  manniag o f  che Space S ta t ion .  

is a proof type of mission i n  terms of  opera t iona l  concepts. 

supply a g rea t  dea l  of valuable  information, but  i t  w i l l  not  be  a b l e  t o  

provide d e f i n i t i v e  answers f o r  t h e  many biomedical, s c i e n t i f i c ,  and opera t iona l  

quest ions necessary t o  the  design, and use of t h e  Space S ta t ion .  

s i z e  and capab i l i t y  is l imi t ed  i n  terms of s tayt ime (28 o r  56 days), as t ro-  

naut autonomy, i n f l i g h t  experiments, and f a c i l i t y  maintenance and r c p a i r  

a b i l i t y .  

m a n ' s  environment w i l l  be l imi t ed  t o  zero "g". 

S t a t i o n  w i l l  have advanced l i f e  support  systems, large crews, va r i ab le  

grav i ty ,  and mul t i  d i sc ip l ina ry  experiments which are a l l  advanced technolo- 

gies i n  terms of space f l igh t  s o c i a l - s c i e n t i f i c  knowledge. 

addresses its experiments t o  t h i s  technology gap and t o  those manned space 

experiments t h a t  would enhance t h e  capab i l i t y  and usefulness of t he  Space 

S ta t ion  i f  performed earlier. 

Skylab I 

It w i l l  

The c r e w  

The technology is  l a rge ly  t h a t  of t he  Gemini-Apollo systems and 

On the  o the r  hand, t he  Space 

This study 

What are the  technology areas t o  which t h i s  evolutionary experiment 

plan should address i t s e l f ?  Perhaps f i r s t  and f o r e m s t  are those 

involved with man. There is needed information about how man l i v e s ,  

reacts, and funct ions i n  space f o r  prriDds of a t  least 90 days. 

are the changes i n  b io log ica l  physical  and x n t a l  states t h a t  take  place; 

how e f f e c t i v e  is the crew member as an observer,  experimenter, engineering 

technician, o r  para-medic; and could automated modes of operat ion o r  

What 



- 8 -  

s p e c i a l  devices enhance h i s  capab i l i t y?  

of how t o  u t i l i z e  and e x p l o i t  t h e  unique environment o f f e red  by a space- 

c r a f t  i n  Earth o r b i t .  There is a need t o  know what t he  c o n s t r a i n t s  are 

t h a t  t h i s  environment places  upon t h e  experiment or funct ion being 

performed, and haw man may **e h i s  a b i l i t i e s  t o  enhance o r  reduce t h e  

environmental e f f e c t s .  

eqeriments, 
f l i g h t  experiment changes from a preprogrammed ground con t ro l l ed  status 

to  f u l l  f l i g h t  c r e w  c o n t r o l  and ana lys i s  s t a t u s .  Using t h e  above criteria 
s e l e c t i o n ,  t h e  d i s c i p l i n e s  and experiments as proposed i n  NASA's document, 

"Candidate Experiment Program f o r  Manned Space Stat ions" ,  Ref. 1, were 

surveyed. This information, w a s  supplemented by the  r e s u l t s  from North 

American Rockwell and McDonnell Douglas Companies' work during t h e i r  Space 

S t a t i o n  s t u d i e s ,  Refs. 2 and 3. 

Another area involves t h e  quest ion 

Another area of i n v e s t i g a t i o n  is  t h e  e f f e c t  upon 

pe r imen ta l  procedure, and t h e  r o l e  of i n v e s t i g a t o r  as a 

The r a t i o n a l e  and c o n s t r a i n t s  described above w e r e  used t o  de f ine  

an experiment set f o r  each mission. Another necessary f a c t o r  considered 

w a s  t h e  amount of manpower t h a t  would be a v a i l a b l e  and t' it would be 

required t o  p e r f o m  each experiment. 

each mission w a s  determined by assuming t h a t  2,'- ~f the  crew would b e  

a v a i l a b l e  f o r  experiment work ( t h e  remainder would b e  concerned with 

normal opera t iona l  and spacec ra f t  maintenance t a sks )  and t h a t  t he  work 

week would c o n s i s t  of s i x  days, each of t e n  hours durat ion.  

an e f fec t iveness  of 75% w a s  assumed, which r e s u l t e d  i n  a use fu l  work week 

p e r  man of 45 hours. The experiment sets t h a t  evolved out of t h i s  evalua- 

t i o n  and synthesizing procedure are shown i n  Figure 3 f o r  each of t h e  four  

missions. Each mission has a aajor experiment d i s c i p l i n e  emphasis as w e l l  

as several compatible minor d i s c i p l i n e s .  

missions, each w i l l  be designated by i t s  primary emphasis as follows: 

A f e a s i b l e  experiment workload f o r  

Further ,  

For ease i n  discussing the  four  

Mission A Biotechnology 

Mission B 
Mission C Space Exploi ta t ion 

Mission D As t ronomy 

Earth Resources and Applications 

Scheduling and sequencing considerat ions f o r  t he  various experiments 

are Seyond t h e  scope of t h i s  study and have not  baen examined. 

had been, i n  some cases i t  may have been Impossible t o  perform all 
I f  they 
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experiments l i s t e d  f o r  each mission at the  manpower l e v e l s  spec i f i ed .  

However, i t  is probable t h a t  s e r i o u s  c m f l i c t s  genera l ly  w i l l  not  occur 

because wst o f  t h e  s e l e c t e d  experiments permi t  schedul ing f l e x i b Z l i t y  . 
It is a l so  expected t h a t  t h e  l a r g e r  crew s i z e s ,  g r e a t e r  than th ree  a n ,  

should permit g r e a t e r  f l e x i b i l i t y  and schedul ing freedom, as w e l l  as 

requi r ing  a smaller e f f e c t i v e  percentage of t h e  crew tise to maintain the  

spacec ra f t  systems . 
The a i m  of each mission and t h e  r e s u l t i n g  experiment set  s e l e c t e d  

is discussed i n  t h e  order  of t he  missions. The c h a r a c t e r i s t i c s  of each 

experiment, namely, weight, power, and suppar t ing  requirements imposed 

upon t h e  spacec ra f t  are d e t a i l e d .  Some of t h e  ope ra t iona l  quest ions t h a t  

each mission experiment program at tempts  to  a n s w e r  are indica ted .  

Biotechnology Hission - This mission, as planned, w i l l  continue the  

biomedical work s t a r t e d  on t h e  Skylab I mission and develop f u r t h e r  an 

understanding of human f a c t o r s  and l i f e  support  problems i n  these  longer  

dura t ion  missions.  

support ing requirements are l i s t e d  i n  Tzble 1. 

help  provide an understanding of  man's a b i l i t y  t o  surv ive  and func t ion  in 
space, since they would measure biomedical and phys io logica l  e f f e c t s  on 

each crew member of long-term exposure t o  zero g rav i ty  environment. An 
onboard a r t i f i c i a l  g rav i ty  s imula tor  would be operated t o  test and evalua te  

its e f f e c t s  both upon man's condi t ion and upon t h e  spacec ra f t  systems. 

Crew cycle  and opera t iona l  problems would be  examined t o  eva lua te  t h e  

capab i l i t y  and r e l i a b i l i t y  of the  crew t o  maintain and r e p a i r  the  onboard 

systems under continuous zero gravf ty  usage. 

The experiments s e l e c t e d  f o r  t h i s  mission and t h e i r  

These experiments should 

Some of t h e  experimental  equipment l i s t e d  i n  Table 1, l i k e  the  

In tegra ted  Medical and Behavioral Leboratory Feasurement System (IMBLMS) 

device, would need t o  be b u i l t  i n t o  t h e  spacec ra f t  sys tems.  

r e l a t ed  experiments mik t be suppl ied as carry-on items dur1r.g later 

l o g i s t i c  supply f l i g h t s .  

with hman f a c t o r  and human Capabi l i ty  inves t iga t ions  where i t  may be 

des i r ab le  t o  change or  to  upgrade t h e  experiments. 

ments f o r  a l l  experiments Is about 3 1 /2  k i lowat t s  (KW) w i t h  an average 

pquirement  of 2 KW. 

required f o r  Skylab I. 

However, many 

Many of these experiments wor_rld be assoc ia ted  

The peak power require- 

This experiment e l e c t r i c a l  load Is s i d l a r  t o  t h a t  

More d e t a i l e d  c ! a r a c t e r l s t l c e  of each experiment 
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f o r  t h i s  mission as w e l l  as f o r  t h e  o t h e r  t h ree  missions are given i n  

Appendix A. 

Earth Resources and Applications Mission - This mission is concerned 

pr imari ly  with t h e  test and eva lua t ion  of e a r t h  resources sensor  and data 

handling techniques. But i n  addi t ion,  t h e  biomedical work, and the crew 

and p ro tec t ive  system s t u d i e s  are continued. This mission assumes t h a t  

man can perform use fu l  and purposeful funct ions,  and thus man is used 

extensively t o  operate  and modify space borne equipment. 

The e a r t h  survey i n v e s t i g a t i o n s  ou t l ined  f o r  t h i s  mission are of an 

experimental r a t h e r  than an ope ra t iona l  na tu re .  The f i v e  major d i s c i p l i -  

nary areas t h a t  would be s t u d i e s  are: 1) Agriculture/Forestry/Geography, 

2) GeologylMinerology, 3) Hydrology/Water Resocces ,  4) Oceanography, and 

5 )  Meteorology. The sensor  sets planned f o r  use i n  each area are l i s t e d  . 

i n  Table 2. 

c a p a b i i i t y ,  the crevmembers are heavi ly  involved i n  s e t t i n g  up, c a l i b r a t i n g ,  

analyzing r e s u l t s  and modifying t h e  sensors  and instruments.  Truth sites 

w i l l  b e  used extensively t o  provfde d a t a  which can be co r re l a t ed  with the 

s igna tu res  of t h e  s i tes  as measured by t h e  sensors .  

be involved i n  onboard d a t a  processing, a n a l y s i s ,  and i n t e r p r e t a t i o n ;  

operation, maintenance, and modification of complex instruments;  and the 

c a p a b i l i t y  t o  respond t o  unprogrammed events and s i g h t i n g  oppor tun i t i e s .  

This mission w i l l  continue the  s t r o n g  medical and physiological  crew evalua- 

t i o n  program and i t  w i l l  stress t h e  ana lys i s  of s o c i a l  i n t e r a c t i o n s  among 
crew members because of t he  larger crew. 

Since t h e  sensors  are mainly being evaluated f o r  t h e i r  

The crew members w i l l  

The experiments s e l e c t e d  f o r  t h i s  mission and the support  required 

from t h e  spacec ra f t  are l i s t e d  i n  Table 3. 
t ransmit ted t o  Earth from t h e  sensors  pu t s  a high shorc-time requirement 

upon the  communication s y s t e m ;  however, on a weekly average b a s i s  its 

requirement is about one h a l f  t h a t  necessary f o r  the crew's medical, physical  

and mental s ta tus  data .  

The maximum da ta  t o  be 

Space Exploi ta t ion Mission - The prime ob jec t ive  of the t h i r d  mission 

is t o  evaluate  i n  terms of d i r e c t  Earth economic b e n e f i t s  t he  use of t he  

space environment f o r  materials pmceas ing  and manufacture. 

biomedical e f f o r t  of the  earlier missions w i l l  be expanded t o  include 

The continuing 
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Table 2 
Sensor Set Summary 

Sensor 

1. Metric Camera 

2. Multispectral Camera 

3. Multispectral IR Scanner 
4. IR Interferometer Spectrometer 
5. IR Atmospheric Sounder 

6. IR Spectrometer;Radiometer 
7. MW Scanner 
8. Multifrequency MW Radiometer 

9. IW Atmospheric Sounder 
10. Radar Imager 
11. Active-Passive MW Rdi:meter 

12. Visible Wavelength Polarimeter 
13. UHF Sferics 
14. Absorption Spectrometer 
15. Laser Altimeter 

16. UV Imager/Spectrometer 

17. Radar Altimeter/Scatterometer 

18. Photo-Imaging Camera 
19. Data Collection 

Weight Volume 
lb . ft3 

360 35.0 

185 10.0 

150 2.7 

65 1.3 

45 2.3 
65 4.0 
76 26.0 
50 67.0 
80 1.4 

620 53.0 
100 2.0 
5b 5.: 
22 1.3 
95 12.0 

371 12.0 

150 3.3 
75 1.0 

145 10.0 

11 0.2 

Average 
Power 
watt 

504 

700 

60 
25 

85 
50 
25 
150 
180 
1500 
50 

10 
6 

22 

6 36 
45 

130 
129 
8 

Data Rate (bps) 
Science Engin. 

60(a) 17.6 

118'~) 28.8 
3 107 640 

4 x 103 640 

1.7 104 162 
3.8 104 200(c) 

(c) 10 * 
4 80 16 
100 0.8 
60(a) 640") 

3.2 103 7.2 
160 16 
260 1 
400 0.8 
24(b) 8 

8 x lo4 4 
3.2 x 103 12.6 

3.5 107 640") 

Discipline Sensor Set 

AgriculturelFores t/Geography 1, 2, 6 ,  7, 10, 18 
Geology/Minerology 1, 2, 3, 6, 8, 10, 15, 16, 17, 18 
HydrologyIWater Resources 1, 2, 3, 7, 8, 10, 18 
Meteorology 4, 5, 8, 9, 12, 13, 14 
Oceanography 1, 6, 8, 17 

~~ ~~ ~~ ~ ~ 

No tee : 
(a) Pounds of film 
(b) Per metric camera frame 

(c) Estimated 
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t h e  r o t a t i o n  of t he  e n t i r e  spa2ecraf t  about an axis between the  mission 

module and a s u i t a b l e  counterweight such as t h e  Saturn I1 launch s tage .  

This arrangement should be s u f f i c i e n t  t o  minimize r o t a t i o n a l  Cor io l i s  

e f f e c t s  and t o  c lose ly  s imulate ,  f o r  eva lua t ive  purposes, the  a r t i f i c i a l  

g rav i ty  environment as proposed f o r  t he  Space Base. 

The materials processing experiments are s e l e c t e d  t o  e s t a b l i s h  the  

f e a s i b i l i t y  of  processing and manufacturing products which require the  

near  zero-gravity o r  extremely clean high vacuum environment of space. 

Various metal compositing, t h i n  f i lm,  c r y s t a l  growing, and b io log ica l  and 

chemical compounding tests have been se l ec t ed  t o  make up t h i s  experiment 

package. 

t h a t  added by t h e  cos t  of space t r anspor t a t ion  have been considered. 

Only methods W' &se products have a p o t e n t i a l  value g r e a t e r  than 

The experiments f o r  t h i s  mission and t h e i r  support ing requirements 

The a r t i f i c i a l  g rav i ty  experiments would be  are l i s t e d  i n  Table 4. 
performed e a r l y  i n  t h e  mission so t h a t  t h e  Saturn I1 s t a g e  counterweight 

could be abandoned as soon as practical, Ref. 4. It should be  noted t h a t  

t he  experimental equipment is t he  same f o r  e i t h e r  an eight-man o r  a nine- 

man mission. The change of crew s i z e  is r e f l e c t e d  mainly i n  the  l o g i s t i c  

support  and da ta  r e tu rn  loads.  These la rge  crew s i z e s  w i l l  l i m i t  t he  

l i v i n g  and work room each man has a t  h i s  d i sposa l ,  and some i n t e r e s t i n g  

r e s u l t s  should come out  of t h i s  mission as t o  s o c i a l  and human tolerance 

levels. 

Astronomy Mission - The four th  mission places  its major emphasis upon 

astronomy, cap i t a l i z ing  upon t h e  experience gained i n  t h e  s o l a r  te lescope 

experiments of Skylab 1. 

r o l e  of a b s s i c  s c i e n t i f i c  research laboratory.  

t he  experimental and opera t iona l  aspec ts  of a t tached ,  te thered ,  o r  free 
f l y i n g  experiment modules 

and the  s o l a r  astronomy experiments is  t h e  f r e e  f ly ing  mode Spacecraf t  

s t a b i l i t y ,  cont ro l ,  and pos i t ion ing  and t h e  spacecraf t  ou ter  environment 

m u s t  a l l  meet demanding s tandards.  

amount of data  should have been accumulated regarding hlrmati capab i l i t y  i n  
and reac t iou  io t h e  space environment, t h e  medical and physiological  t e s t i n g  

of t h e  crew members would be continued. The LMBLMS would be i n  its four th  

This o r b i t i n g  manned module would assume the  

I t  would a l s o  examine 

f o r  the  prefer red  accommodation f o r  t h e  stellar 

Although by t h i s  fourth mission a f a i r  
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rev is ion ,  and t h e  amount of time required by the  examiner and the  sub jec t  

should b e  approaching a minimum value t o  secure the  des i red  da ta .  

The experiments and t h e i r  support ing requirements are l i s t e d  i n  

Table 5 .  

which would be  r e f l ec t ed  i n  add i t iona l  capab i l i t y  ;nd weight of t he  

electrical power system. 

s o l a r  astronomy experiments t o  account f o r  t h e i r  m 0 a : i l e  support .  

These experiments require  a f a i r  amount of e l e c t r i c a l  energy 

Weight has been included i n  t h e  stellar and 

Experiment Orbi t  Constraints  - I n  reviewinf I of  t h e  experlmmts 

f o r  the  four  missions so as t o  determine their  1 ' e s i r ab le  3r bdvanta- 

geous Earth o r b i t a l  a l t i t u d e  and i n c l i n a t i o n ,  i t  . .- dpparent thac most 

of t he  experiments placed few opera t iona l  cons t r a in t s  on t he  s y a c x r a f t .  

These few condi t ions are summarized i n  Table 6 .  

Resources and Application Mission, i t  is apparent t h a t  some o ther  mission 

o r  system requirements w i l l  be  the  determiners t o  e s t a b l i s h  o r b i t s .  This 

mission should over f ly  the  most populace and a g r i c u l t u r a l l v  productive 

areas of the  Earth,  and so i ts  i n c l i n a t i o n  should be 55 degrees. 

Except f o r  t h e  Earth 

S c i e n t i f i c  Accomplishments - One o t h e r  evs lua t ion  was made of t h i s  

experiment program. 

program suggested f o r  the  Space S ta t ion?  

rate of  accomplishment of experimenis f o r  each of che four  missions i n  

tenas of man-hours expended upon each of t h e  experiments. 

ments are compared with the  expected rate poss ib le  on t h e  Space S t a t i m .  

As can be seen, t h e  four  evolutionary space s t a t i o n  missions accompLish 

more than cwo Space S t a t i o n  years '  equivalent  experiments. There is  a 
more important i t e m  t h a t  cannot. be  measured ana ly t i ca l ly ,  and t h a t  is the  

f l i g h t  experience,  technology and opera t iona l  development, and t h e  human 

competence tha t  would be  gained througrl t h i s  in te r im program. I f  thir? 

program were c m p k t e d ,  i t  would enable t h e  Space S ta t ion  t o  start  its 

e f f e c t i v e  experimental usefulness almost a t  I n i t i a l  manning, f a r  most of 

the  human and operat ional  unce r t a in t i e s  of long durat ion space f l igh t  would 

have been removed by the  results of t hese  four  earlier in t e r im  s r r c 9  s t a t i o n  

That is, what impact %ill t h i s  program have upon the  

Figure 4 shows :he accumulated 

These aCC0pl~Lh- 

f l i g h t s .  

SPACECRAFT SYSTEMS 

If as much as poeslble  of previously developed m L  opera t iona l ly  
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A - Biotechnology 

B - Earth Resources and 
Technology 

Table 6 
Experiiaent OrCital Constraints 

C - ST s e  hploi tat ion 

D - htronoarg 

Altitude Inclination 

Not Critical Not Critical 

# i n i m m  Useful: 25" 

Selected: 50' 
< 250 Nautical Miles Preferred: 45" 

5 200 Nautical !4iles Not Critical 

g 200 Nautical M i l e s  Not Critical 
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Table 7 
Dry Saturn IV-B Stage C h a r a c t e r i s t i c s  

S t ruc tu re  

Saturn IV s t a g e ,  22 f e e t  diameter, 10,800 cu. f t .  vo l .  

Meteoroid s h i e l d  deployable 

So la r  a r r a y  attachment and deployment mechanism 

I n t e r n a l  i n su la t ion  

IVA and EVA attachments and hanci holds  

Living and labora tory  compartments 

Rrmva l  of a l l  5-2 engine hardware 

Use of unused oxygen propuls ion tank f o r  
w a s t e  d i sposa l  and s to rage  

Crew Systems 

Ccqartment  f o r  each crew member, inc ludes  personal  e f f e c t s  
and s l e e p  s t a t i o n  

Pressure  s u i t s  f o r  EVA and IVA 

Non-p res s u r i  zed garments 

Wardroom t o  permit as t ronaut  r ec rea t ion ,  r e l axa t ion ,  
condi t ioning,  and e a t i n g  

Compartment f o r  crew medical monitoring 

Astronaut mobil i ty  and maneuvering aide 

Freeze-dried, f rozen and f r e s h  food s t o r e d  

Waste management contains  f e c a l  and ur ine  c o l l e c t i o n  and 
o r a l  and body cleansing f a c i l i t i e s  and co l l ec t ions  

Environmental Control 

Supplies f o r  3 months of o p v a t i o n  p l u s  1 month emergency supp ly  

Two gas atmosphere a t  5 p.s. i .a.  to ta l  pressure 

Oxygen partial  pressure minimlza of 3.7 p.s . i . a .  

Nitrogen partial  pressure of 1 .3  p .s . i .a .  

Relative humidity of 50% nomina: 

Carbon dioxide and contaminant cont ro l  by means of regenerable 
molecular s i eves  and ac t iva t ed  charcoal f i l t e r s  

Temperature maintained a t  70' F 
Water supply s to red  for coasumption and c l ean l ines s  with hot  
and cold avs i l ab le  
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T a b l e  7 ,  continued 

Dry Saturn IV-B Stage C h a r a c t e r i s t i c s  

E l e c t r i c a l  Power 

So la r  cell  a r r ay  generated power 

Transfer  of power t o  o r  from o t h e r  modules 

Rechargeable Nickel Cadmium bat:eries 

Two w i r e  dim-Lbution of D.C. power 

A.C. Inverters a t  equipment needfng a l t e r n a t j -  " w r e n t  
power 

Communicatiom 

Two-way voice via MSF Network 

Two-way t e l e v i s i o n  via S F  Network 

Transmit t e l e v i s i o n ,  real and delayed-time da ta ,  subsystem 
status, biomedical monitoring and experiment support  i n  

Te lep r in t e r  up and down l'nk 

Telev is ion  intercommunications between c o q m e n t s  and modules 

Antennas with or without CSM docked 

do--link 

A t t i t u d e  Control 

l b o  module t h r u s t e r s  with outputs  from 10 t o  100 pounds 

Three con t ro l  moment gyros - one f o r  each a x i s  

CMG desa tu ra t ion  by t he  t h r u s t e r  modules 

Thruster  f u e l  is b i -propel lan t  

Two d i g i t a l  computers and two analog poin t ing  assemblies 

Control conmands from ground or  AM 

Sun and hc*.-izon sensors  

I n e r t i a l  s t a b l e  platform and s i g n a l  genera tor  
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of  t h i s  uni t .  

Table 8.  

Apollo l o g i s t i c  CSH. having docking p o r t s  t o  which they dock. The i n - o r b i t  

support  f o r  t h e  l o g i s t i c  c r a f t  during s to rage  is suppl ied  from t h e  o r b i t i n g  

spacecraf t  through t h i s  component. Table 9 lists t h e  c h a r a c t e r i s t i c s  of 

t h i s  module. The Skyl2b I documents, Refs. 6 ,  7, 8 and 9,  g ive  more 

d e t a i l e d  s p e c i f i c a t i o n s  f o r  these  components. 

The c h a r a c t e r i s t i c s  of t h e  a i r l o c k  module are given i n  

The mul t ip le  docking adapter  furn ishes  the  i n t e r f a c e  with t h e  

Other Saturn and Skylab o r ig ina t ed  components t h a t  would be  used 

f o r  launch operat ions are t h e  instrument u n i t  ( I U )  and payload shroud. The 

instrument u n i t  furn ishes  t h e  guidance and opera t iona l  con t ro l  f o r  t he  

launch vehic le  and spacecraf t  from l i f t o f f  through o r b i t  i n s e r t i o n  and unt i l  

manned. 

shroud or  nose cone would be  t h e  same as t h a t  used t o  p ro tec t  t h e  Skylab 

MIA and AM components during launch, and i t  would p ro tec t  similar 

components on the  in t e r im  s t a t i o n s .  

a t  propulsion s t ag ing  o r  a f t e r  o r b r t  i n se r t ion .  

Its funct iona l  c h a r a c t e r i s t i c s  are given i n  Table 10. The payload 

The shroud can be j e t t i s o n e d  e i t h e r  

Electrical Power 

This s e c t i o n  d iscusses  t h e  r a t i o n a l e  of power system s e l e c t i o n  f o r  t h e  

four  in re t im space s t a t i o n s  and a poss ib le  power system evolut ionary 

development t o  s a t i s f y  the needs of  t h i s  program as w e l l  as those of t he  

l a r g e r  Space S ta t ions  and Space Bases. 

i n  t h e  s e l e c t i o n  of the power systems a repower  requirements, opera t ing  

environment and performance requirements, power sys t em a v a i l a b i l i t y  and 

performance, and s p e c i a l  f a c t o r s  which may inf luence  system se l ec t ion .  

The f a c t o r s  which were considered 

Power Requirements - The estimate of t h e  range of  power requirements 

The f o i  each of the in te r im space s t a t io r .  missions is given i n  Figure 6 .  

top of t h e  circle ind ice t e s  the  approximate peak power demand, and the  

bottom ind ica t e s  about the  minimum needed t o  s u s t a i n  crew and spacecraf t  

systems. Current plans f o r  Skylab I p lace  its average t o t a l  requirements 

a t  about 6 ki lowat t s  t o  support  a l l  systems. In Appendix B d e t a i l s  are 

gfveu ;f the  Skylab I power requirements, and t h e  est imated power needs 

f o r  several s tudied  Parth o r b i t a l  spacecraf t .  

requirement f o r  each of t he  in te r im space s t a t i o n  missions was constructed 

by using t h i s  Skylab I da ta  and adding t o  i t  the  needs of g r e a t e r  crew size 

h e  range of e l e c t r i c a l  power 
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Table 8 
Airlock Module 

S t ruc tu re  

Trans i t i on  between workshop and mul t ip l e  docking adapter  

Pressure  t i g h t  airlock compartment 

Support f o r  environment gas s to rage  

Environmental Control  

Control temperature and humidity 

Mount f o r  h e a t  =e jec t ion  r a d i a t o r  f o r  spacec ra f t  

Regulate 02 f o r  EVA or IVA 
Control atmosphere t o  5 p.s.i.a. t o t a l  p ressure  

Control oxygen at 3.7 p.s.i.a. 

Control n i t rogen  at 1.3 p.s. i .a.  

Carbon dioxide and contaminant con t ro l  by means of 
regenerable molecular s i e v e s  and ac t iva t ed  charccal  f i l t e r s  

Operation independent from o t h e r  spacec ra f t  modules 

E l e c t r i c a l  Power 

Di s t r ibu t ion  cen te r  f o r  spacec ra f t  

All power condi t ioning u n i t s  

Back-up b a t t e r i e s  

Crew Provisions 

Connections for IVA or EVA support  umbil icals  

Visual and audib le  d isp lay  f o r  spacec ra f t  systems and safety 

Comunications 

Interconnect ion f o r  voice with o the r  s p a c e c r s f t  modules 

Outlet for monitoring t e l e v i s i o n  

Spacecraf t  systems monitoring t o  MSF network 
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Table 9 
Mult iple  Docking Adapter 

S t ruc tu re  

Por t s  f o r  docking of l o g i s t i c  vehic les  - Apollo 

Pressur ized  t o  s tandard  workshop condi t ions 

Viewing p o r t s  

Environmental Controls 

Temperature and humidity con t ro l  by hea t  exchange 

Coolant l ines  f o r  experiment support  

Atmosphere c i r c u l a t e d  from a i r l o c k  module 

E l  s c t r i c a l  Power 

Supplied from a i r l o c k  module d i s t r i b u t i o n  system 

Interconnect ion t o  docked veh ic l e s  

A t t i t ude  Control 

Primary con t ro l  and disp lay  f o r  t h r u s t e r  system 

Back-up con t ro l  of spacec ra f t  

Data Management 

Pick-up f o r  t e l e v i s i o n  monitor 

Table 10 
Instrument U n i t  

S t ruc tu re  

In t e r f ace  and support between dry workshop and shroud 

Sequences f l i g h t  funct ions including placing spacec ra f t  
i n t o  o r b i t  

Command l i n k  between spacec ra f t  and ground during early 
f l i g h t  phases 

Gives guidance, navigat ion and a t t i t u d e  funct ions t o  
spacecraf t  

E l e c t r i c a l  Power 

Non-rechargeable b a t t e r i e s  



- 27 - 



- 28 - 
support ,  changes i n  technology s o p h i s t i c a t i o n  of s y s t e m ,  such as the  

l i f e  support  system, and unique needs imposed 5y the  experiment program. 

Power System Selec t ion  - Those systems which have t h e  p o t e n t i a l  f o r  

s a t i s f y i n g  t h e  in t e r im  space s t a t i o n  power requirements are s o l a r  cel ls ,  

f u e l  c e l l s ,  Isotope Brayton, r eac to r  Brayton, r eac to r  thermoelectr ic ,  

and r eac to r  mercury Rankine. 

s a t i s f y  t h e  in t e r im  space s t a t i o n  requirements. 

cells are technological ly  ready at t h e  present ,  and i t  would be at  least  

1975 before  t h e  o the r s  are ava i lab le .  

system should not  be  expected t o  devia te  g r e a t l y  technica l ly  o r  physical ly  

from t h e  Skylab I spacecraf t  which is shown i n  Figure 7. I f  power require- 

ments increase ,  s o l a r  a r r ays  can be  added i n  seve ra l  d i f f e r e n t  ways such as 

is  shown i n  Figure 8. 

accomodat ing s o l a r  a r r ays  which would supply up t o  20 We f o r  any of t he  

in te r im space s t a t i o n s .  

power f o r  each of che in t e r im  space s t a t i o n s .  

Each of  t hese  s i x  power system types could 

Only s o l a r  cells and f u e l  

The f i r s t  i n t e r im  s t a t i o n  power 

As can be  seen, t he re  should be  no problem i n  

Solar  a r r ays  w i l l  therefore  be  the  main source of 

If  r eac to r  or i so tope  systems are t o  be u ~ i i  t o  f d f i l l  fu tu re  space 

s t a t i o n  power requirements, and such plans are indica ted ,  i t  is  l o g i c a l  t o  

asRume t h a t  t h e  interim s t a t i o n s  would be used t o  test such systems. 

advanced s y s t e m  would probably be  launched separately as s e l f  contained 

modules and docked t o  the  already o r b i t i n g  space s t a t i o n .  

reasons f o r  t h e  sepa ra t e  launch: 

s a f e t y  from nuclear  e f f e c t s  are made s impler ;  2) one launch configurat ion 

could be  used f o r  s e v e r a l  space s t a t i o n  conflgurat ions;  and 3) the r eac to r  

oystems are so hcavy (between 30 and 130 thousand pounds) t h a t  i t  would 

requi re  almost t h e  f u l l  launch capab i l i t y  of a Saturn V der iva t ive  t o  launch 

i t  i n t e g r a l l y  with the  mission s t a t i o n .  

might be  capable of pu t t i ng  one o f  t h e  early i so tope  systems i n t o  o r b i t .  

For nuclear  systems with weights g r e a t e r  than about 20-30 thousaqd pounds, 

a l a r g e r  launch vehic le  such as t h e  Intermediate 21 may have t o  be used 

to  launch the  system. 

be  configured with the  space s t a t i o n  are shown i n  Figure 9.  
t he  power conversion and r ad ia to r  systems are loca ted  between the  space 

s t a t i o n  and t h e  nuclear  energy source and these  supplement 

by adding some separa t ion  d is tance .  

These 

There are s e v e r a l  

1) emergency abor t  procrdures which ensure 

The Ti tan  class of launch vehic les  

Two ways I n  which s u i t a b l e  nuclear  power modules may 

In each module, 

the  sh i e ld ing  
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Indica t ions  3re thiit s o l a r  cells wi.11 continue t o  be used t o  s a t i s f y  

the  bulk c f  t he  spacecraf t  power requirements through the  1970's and even 

beyond. As power requiremenh grow from t h e  5-20 k i lowat t  l e v e l  €or the  

in te r im space s t a t i o n s  t o  the  25-100 k i lowat t  l e v e l  for t he  Space S t a t i m  

and Space Base, power system t r adeof f s  o r  usages between s o l a r  cel ls ,  

i s o t o t e ,  o r  nuclear  systems w i l l  depend upon the  rate of technia-3.' develop- 

ment, a c t u a l  power requirements, safe;y, and spacecraf t  configurat ion.  The 

c h a r a c t e r i s t i c s  of  t h e  primary spl.ar ce l l  systems f o r  each mission are given 

i n  Table 11. 

peak demands by n i cke l - cad r im b a t t e r i e s  which can c o n s t i t u t e  up t o  ha l f  

t he  t o t a l  system weight inciicatcd depending upon the o r b i t  cha rac t e r i s  t ics  

and the  petlk Tower requirements. 

shown t o  be the  same f o r  each mission. This r e s u l t  is due t o  expected 

advances i n  t h e  technica l  development c f  s o l a r  c c l l s  and b a t t e r i e s  during 

thc  tixe period f o r  these  missims. 
t h e  secondary power source,  f o r  i t  1s most appropriate  i n  terms of power 

l e v e l  m d  expected technology develo2ment and d s o  because i t  is t he  t?. 

which is being given moat serio-us sti-:h 

The s o l a r  c e l l s  are supplemented during o r b i t a l  blackout and 

The s o l a r  cel l  system t o t a l  weight is 

The i so tope  cystem is  se l ec t ed  f o r  

.\e Space Sta t Jon  appl1l:atiou. 

Li fe  Support System 

The l i f e  support  and pro tec t ive  s y s t e m  of the i a t e r im  space s t a t i o n s  

uses as much of the  Skylab dsveloped hudware  is might be apprwriate .  

Bowever, wSth four  missions and an increas ing  numbcr of crew members on 

board each subsequent spacecraf t ,  i t  is necessary to augment these 

components and des i r ab le  t o  reclaim some of the  waste products.  

the  experiment program of each mibsion are some tests dhich examine the  

operat ion of  onboard systems and some which tes t  non-space proved methods 

of crew support .  

f i r s t  t h e  methods f o r  water recovery, then i n  l a t e r  f l i g h t s ,  oxygen recovery, 

and eventual ly  the  t r i a l  use of these recovery methods in f l i g h t  type 

system. This s ec t ion  w i l l  d e t a i l  the  c h a r c c t e r i c t i c s  of t he  l i f e  support  

systems on each of t he  mission spacec ra f t ,  and w i l l  d iscuss  the  serial 

technology developmect md changes i n  these  syatems between subsequent 

missions. 

A p a r t  of 

I n  the  ehrliest missions the&.? experiments would consider  

Table 12 shows the  coaponents t h a t  comprise each l i f e  support  system. 



- 33 - 
Table 11 

Inter im Space S t a t i o n  Power System Charac te r i s t i c s  

Average Secondary 
Concinuous Primary Secondary OR T e s t  

Required System Weight System Weight 
P w e r  Primary Sys t em OR Test System 

Mission (We) (Power) (lb) (Power) (1b) 

Skylab I 

Space S ta t ion  
A 

Space S t a t i m  
H 

Space S ta t ion  
C 

Space S t a t i m  
D 

s o l a r  c e l l s  
6-10 (6-10 We) 

s o l a r  c e l l s  
7-15 (7-15 W e )  

s o l a r  cells 
8-20 (7-15 We) 

s o l a r  cells 
8-20 (7-15 We) 

15,000 - - 

15,000 - - 

15,000 - - 
Isotope 

(6 =-e) 
15 , 000 Bray ton 10,000 

Isotope 
15,000 Brayton 13,000 

(10-15 We) 

Table 12 
Life Support System Components 

Two-gas Atmosphere Control 

Thermal Control 

Eumidity Control 

Carbon Dioxide Removal 

Hot and Cold Water Management 

Food Storage and Preparat ion 

Contaminant Control 

Waste Management 

Recreation and Sleeping Facilities 

Compartmentalization 
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I n  t h i s  study no t  a l l  of t he  components were considered i n  the  same 

d e t a i l .  

least its e f f e c t s  upon system and spacec ra f t  weight could be determined. 

The two areas of the  l i f e  support  system t h a t  e f f e c t  the weight o f  t h e  

spacec ra f t  and i t s  l o g i s t i c  supply requirements t he  most are the  atmosphere 

con t ro l  and t h e  wa:er supply system. 

more depth and t h e  r e s u l t s  w i l l  b e  discussed i n  some d e t a i l .  

Each component w a s  evaluated by parametric ana lys i s  so t h a t  a t  

These system areas were s tud ied  i n  

Atmosphere Control - The atmosphere f o r  each of t h e  in t e r im  space 

s t a t i o -  w i l l  be t h e  same. 

p e r  square inch absolute  (ps i a ) .  

w i l l  b e  maintained & -  t h e  necessary human level of 3.7 p s i a .  

gas  w i l l  be  nitrogen. Each one of t h e  l a r g e  number of necessary p o r t s ,  

throughputs and windows i n  the  spacec ra f t  are p o t e n t i a l  sources  f o r  gas 

leakage. 

spacec ra f t  component, and these are t h e  c r i te r ia  for each of t h e  i n t e r i m  

space s t a t i o n s .  

assumed for Skylab I. Based on t h i s  cri teria,  Table 14 gives  t h e  gas needs 

and defines t h e  btorage requirements. 

t o  space is a major I t e m ,  and as such, i t  places  a c o n s t r a i n t  upon t h e  

selection of cabin atmosphere pressure.  

sphere were increased from 5 p s i a  t o  t h a t  normal f o r  Earth, i t  would inc rease  

t h e  leakage rate by a f a c t o r  of three.  

one of t he  major l o g i s t i c  items, and the re  is not  a good biomedical reason 

t o  make the  logistic load even greater .  

ope ra t iona l  reasons which make t h e  assumed design cabin pressure of 5 p s i a  

more d e s i r a b k .  One, is t h e  d e s i r e  t o  minimize the quan t i ty  of resupply 

gas which m u s t  be  t r ans fe r r ed  between t h e  l o g i s t i c  vehicle  and t h e  in t e r im  

space station. Another i'eason is the  d e s i r e  to  have the space suit and the  

cabin pressures  about equal  so as t o  a l l e v i a t e  the hazards o f  decompression 

s ickness  i f  acc iden ta l  &compression should occur. 

t h a t  technological and manufacturing improvements could reduce the  rate of 
gas leakage, bu t  i n  t h i s  study no assessment w i l l  be made f o r  t he  e f f e c t s  

of such expected lower leakage rates. 

They w i l l  have a design pressure o f  5 pounds 

The primary gas w i l l  be  oxygen and it 

The d i l u e n t  

Table 1 3  gives  t h e  assumed leakage o f  atmosphere gases from eacii 

The component leakage rates are the  same as have been 

The leakige of t he  cabin atmosphere 

For example, i f  t he  cabin atmo- 

The atmosphere gas resupply Load is 

There are, however, s e v e r a l  

I t  would be expected 

Because i t  is not easy t o  t r a n s f e r  or handle t h e  resupply gases,  

any method which can more e a s i l y  supply these gases would be attractive. 
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Table 13 
Daily Atmospheric Gas Leakage Rates 

I Leakage (14 lb/day Tota l ,  10.712 lb/day 02 ,  3.288 lb/day N2 I 
CSM 

CSM/MDA In te r face  

One MDA Docking Port  

MDA 

AM/MDA In te r face  

AM 

2.4 lb/day t o t a l  

1.2 lb/day t o t a l  

0.2 lb/day t o t a l  

1.8 lb/day t o t a l  

0.6 lb/day t o t a l  

2.8 lb/day t o t a l  

5.0 lb/day t o t a l  I OWS 
Molecular Sieve (3.3 lb/day Tota l ,  1.42 lb/day 02,  

1.88 lb/day N 2 )  

EVA Lock Repressurization (154 Cu Ft  at SO" F with 7 
Repressurization Cycles Each Week) 

EVA 02 (9.0 lb/man hour) 

Leakage from 02 and N 2  Supply Tanks and System Negligible I 

Table 14 
Gaseous Oxygen and Nitrogen Requirements 

Oxygen 
Metabolic 

Leakage (all) 
Molecular Sieve 

AM 6 MDA Repressure 

OWS Repressure 

EVA Airlock 

EVA 

Emergency & Contingency 

Nitrogen 

Leakage (a l l )  

Moleculsr Sieve 

AM & MDA Repressure 
ows 
EVA Airlock 

Contingency 

2 pounds p e r  man-day 

10.75 pounds p e r  day 

1 . 4  pounds p e r  day * 
* 40 pounds leach 

300 pounds /each 

1 pound/each use 

9 pounds/man hour 

10% t o t a l  

3.35 pounds p e r  day 

1.9 pounds per  day * 
* 12 pounds/each 

95 pounds /each 

.35 pound/each 

10% t o t a l  

Note: * One repressur iza t ion  each 90 days 
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One method i s  co supply oxygen i n  i ts  combined form as water. 

be  e a s i l y  container ized,  and the  Spacecraf t  would requi re  only a water 

e l e c t r o l y s i s  un i t  t o  f r e e  the  oxygen. Figure 10 shows the  t o t a l  oxygen 

requirement f o r  t h e  four  b a s i c  missions and f o r  t h e  missions with the  

op t iona l  crew s i z e .  

tankage, Ref. 10. For s a f e t y  and emergency requirements,  a 120-day 

supply of gaseous oxygen should b e  t h e  minimum amount on the  spacecraf t  a t  

launch. This supply, In terms of  space s t a t i o n  weight a t  launch, i s  between 

15,000 pounds f o r  Mission A and 21,000 pounds f o r  Mission D. I f  water is 

used as t he  source f o r  spacec ra f t  oxygen, t he re  would b e  between a th ree  

and a four-fold saving i n  just t h e  tankage. Its disadvantages are t h e  

weight and maintenance required o f  t h e  e l e c t r o l y s i s  cells, and the added 

capaci ty  from the  power source t o  sup r ly  t h e  necessary e l e c t r i c i t y ,  

Ref. 11. The implicat ions of only a water e l e c t r o l y s i s  system f o r  

these  missions were not considered and are no t  s h o - .  i n  Figure 10. 

i t  should be and is consider;d i n  conjunction with oxyger recovery. 

Water can 

The weight shown is f a r  t h e  gaseous oxygen and i ts  

Rather, 

The curren t  technological  development of t he  oxygen recovery and 

water e l e c t r o l y s i s  methods have j u s t  about kept  pace d i t h  each other .  Of 

several oxygen recovery methods being developed, t h e  Se5at ie r  u n i t  is the  

s imples t ,  and i t  has had t h e  g r e a t e s t  f l i g h t  type tes t  experience.  

recovery and water e l e c t r o l y s i s  are importantly i n t e r r e l a t e d  func t iona l ly  

i n  t h a t  t h e  Saba t i e r  u n i t  converts carbon dioxide t o  water and acetylene,  

and t h e  water e l e c t r o l y s i s  ce l l  s epa ra t e s  t h e  water t o  oxygen and hydrogen. 

The hydrogen is recycled t o  t h e  Saba t i e r  u n i t  as i t  is required i n  its 

process and t h e  oxygen is recycled t o  t he  cabin atmosphere. 

por t ion  of Figure 10, the re  is shown f o r  t h e  four  missions, t he  f ixed  equip- 

ment weights f o r  t h e  Sabat ie r  carbon dioxide reduction and water  e l ec t ro ly -  

sis sys tem.  The expendable water and conta iner  weight f o r  each of t he  four  

missions a l s o  are indicated.  

simple subt rac t ion  of the  weight below t h e  absc issa  from t h a t  abgve, f o r  

no considerat ion is  included f o r  t he  weighL required by the  e l e c t r i c a l  power 

system t o  supply t h e  needs of t h e  oxygen recover; system. However, the  ne t  

weight savings t h a t  might be  expected from the  recovery of oxygen f o r  these  

p a r t i c u l a r  missions could be  between 12,000 and 18,000 pounds. 

Oxygen 

I n  the  lower 

The n e t  savings f o r  each mission is  not  a 

In  designat ing the  types of atmosphere cont ro l  sys tem for each mission, 
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i t  w a s  assumed t h a t  t h e  atmosphere system would c o n s i s t  of a s t o r e d  gas 

system f o r  Missions A and B. 

i ts experimental paylo3d an e l e c t r o l y s i s  u n i t  capable of s a t i s f y i n g  t h e  

spacec ra f t  oxygen requirements. During its operat ion and trials, i t  

would fu rn i sh  t h e  needed oxygen and thus i t  could save gaseous oxygen 

and i n  tu rn  reduce the  l o g i s t i c  oxygen loads.  

t he  oxygen suppl ied by wacer e l e c t r o l y s i s  units q u a l i f i e d  d x i n g  Mission 

B, and pressurized oxygen gas would be c a r r i e d  only f o r  t h e  cabin 

r ep res su r i za t ion  o r  emergenzy needs. During Mission C ,  a Saba t i e r  

carbon dioxide recovery systsm would b e  an experimental item, aiid i t  

would be f l i g h t  q u a l i f i e d  on t h i s  mission. The atmospherc con t ro l  system 

f o r  Mission D would include t h e  Saba t i e r  and t h e  waier e l e c t r o l y s i s  u n i t s  

as a p a r t  of its spacec ra f t  system. For Mission D, t he re  would be almost 

a 20,000 pound weight saving i n  its atmosphere con t ro l  system over t h a t  

of an equivalent  gas s to rage  system. 

f o r  t h e  earlier mission; however, they are dependent upon t h e  success fu l  

operat ion of t h e  recovery systems during q u a l i f i c a t i o n  trials. 

advantage should not  be considered i n  design, bu t  i n s t ead  should be taken as 

an advantage t o  be r e a l i z e d  only during l o g i s t i c  supply of an a c t u a l  mission. 

The weights f o r  t h e  atmosphere control- systems are summarized later i n  t h i s  

report  both i n  terms of t h e  e n t i r e  spaceczs f t  and of its l o g i s t i c  supply 

requirements. 

However, Mission B would have as p a r t  of 

Mission C would have 

Lesser savings might be poss ib l e  

This 

Water Management - Both Skylab I and t h i s  study have assumed an allow- 

ance f o r  water o f  15 pounds p e r  crew member p e r  day. 

water would be used by the  crewman t o  r e c o n s t i t u t e  h i s  food and t o  drink. 

The balance of t h e  d a i l y  allowance ( 9  pounds) would be used f o r  c leanslog 

and body care. 
a t o t a l  weight f o r  each mission o f  from 24,000 t o  84,000 pounds. 

possible  t o  recover a l l  of t h i s  wster; however t h a t  which is  contained i n  

the f e c a l  matter is small and i t  i s  neglected.  

compensation t o  t h i s  neglect .  

these s tud ied  mission crews with a v a r i e t y  of foods from freeze-dried, 

through conventionally frozen (TV d inne r s ) ,  and including f r e sh  f r u i t  and 

l e a f  vegetables. 

water, and t h i s  water would more than compensate f o r  t h a t  l o s t  as f e c a l  

Six p o n d s  of t h i s  

Figure 11 shows t h a t  t h i s  da i ly  water requirement represents  

It is 

There is an o f f s e t t i n g  

IC is planned t o  supply the  Skylab I and 

The f r e s h  and frozen foods ca r ry  a large percentage of 
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water. 
real savings i n  l o g i s t i c  supply loads.  

A recovery of  any po r t ion  of  t he  da i ly  water used coulJ  represent  

Several  water recovery methods have had extensive tests under almost 

in - f l i gh t  condi t ions.  

d i f fus ion ,  and reverse osmosis, and probably of these,  t he  most highly 

developed is  t h e  air  evaporat ion type.  

i n  recovery of e i t h e r  wash, ur ine ,  o r  a i r  condensate water but  i t  does 

requi re  f requent  wick replacement. Each of t he  types however, need 

a c t u a l  i n - f l i gh t  tests t o  b e t t e r  determine which type of used water 

each recovers t h e  b e s t .  

be  water recovery systems as experiments during each mission. 

These methods include a i r  evaporat ion,  vapor 

This type has the  least d i f f i c u l t y  

Because of these  development needs the re  woufd 

An air evaporat ive water recovery system would be an experiment on 

Mission A, and i t  is expected t h a t  i t  rhould be s u f f i c i e n t l y  developed 

t o  be  a spacecraf t  system f o r  Mission B. 

vapor d iz fus ion  and reverse  osmosis would be  ser ia l ly  f l i g h t  t e s t ed ,  qus l i -  

f i e d  and i n s t a l l e d  as spacec ra f t  systems. 

techniques have cer ta in .  des i r ab le  c h a r a c t e r i s t i c s  and each sho-dd  be  t e s t e d  

and developed so as t o  b e  ava i l ab le  f o r  t h e  Space S ta t ion .  The ne t  savings 

t o  Mission B,  C and D from t h e  recovery of  water would be grea t .  

condensate, u r ine  and wash water is  recovered, t he  savings would vary froti  

about 40,000 pounds f o r  t h e  e a r l y  mission t o  70,000 f o r  Mission D,  Figure 

11. 
of the  spacecraf t  and the  l o g i s t i c  requirements w i l l  be summarized a t  the  

end of t h i s  sec t ion .  

For subsequent missions t h e  

Each of these wa;rer recovery 

I f  t he  

The e f f e c t s  o f  these  savings upon t h e  water supply sys tem i n  terms 

Data Collect ion and Conununications 

The d a t a  co l l ec t ion  and communications systems for the  incerim space 

s t a t i o n s  w i l l  be  pr imari ly  extensions of t h e  Skylab and Apollo systems; 

however reconfigured t o  handle t h e  l a r g e r  crew sizes,  more opera t iona l  

a c t i v i t i e s  and g r e a t e r  ecperiment i nves t iga t ions .  I n  t h i s  s ec t ion ,  the  

methods ava i l ab le  t o  handle t h e  da t a  and conununication.~ are discussed, the  

communications requirements are s t a t e d ,  and t h e  c r i t i c a l  l i n k  performances 

are evaluated. Since i t  is assumed t h a t  these  spacecraf t  w i l l  u t i l i z e  the  

Manned Spacefl ight  Network (MSFN) f o r  a l l  communications, the  coverage and 

capab i l i t y  of t h e  MSFN s t a t i o n s  are discussed, and pos tu la ted  da ta  l inks  
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are evaluated f a r  adequacy t o  car ry  the  an t i c ipa t ed  data load. 

The average da ta  load generated by t h e  experiments and by the  

in te r im space s t a t i o n  systems w i l l  be  on the  order  of 10" bits per  day. 

This d a t a  load is approximately an o rde r  of magnitude g r e a t e r  tt.an t h a t  

expected from t h e  Skylab program and two orders  of magnitude g rea t e r  

than t h a t  from Apollo, Refs. 12  and 13. This increase  does not  requi re  

a commensurate increase  i n  communications equipment complexity and 

wetght. 

t h e  Skylab by means of wideband rinks t o  convey p r i m a r i l y  t h e  experimcw 

ta l  data. 

i n  the  increased da ta  processing equipment c a r r i e d  by a lab.  

secondary e f f e c t  w i l l  bc the  need f o r  increased d a t a  recording and 

handling capab i l i t y  a t  zhe 3round s t a t i o n s .  

This add i t iona l  da t a  transmission w i l l  be accomplishst? as on 

The major e f f e c t  of t h e  increased da ta  load w i l l  b e  f e l t  

The 

It i s  expected t h a t  t he  experiment da t a  will have some onboard prelimi- 

nary processing, recording o r  i n t e rp re t a t ion .  The na ture  of t h i s  processing 

w i l l  vary according t o  the  mix of experiments being performed, and t h i s  

procedure might be changed a t  any Liz2 during t h e  experiment's l i f e .  

use of  s c i e n t i f i c a l l y  t r a ined  personnel onboard t h e  s t a t i o n  p e r m i t s  "on 

t h e  job" experiment and processing modifications and should maximize the  

s c i e n t i f i c ,  soc io log ica l  o r  economic bene f i t s  from these  data .  I t  a l s o  

permits a screening of t he  da t a  t o  s i f t  out t h a t  which is re levant  aDd t o  

minimize the  i r r e l e v a n t  da ta  load s e n t  t o  Earth. I t  is not an t i c ipa t ed  

t h a t  t h i s  would be a closed process bu t  t h a t ,  by means of voice and TV 

channels, s c i e n t i f i c  team members on t h e  ground and i n  space could be 

interconnected f o r  near  real t i m e  experiment cont ro l .  However, t he  

d a t a  which I s  received by MSFN would be s e n t  t o  a c e n t r a l  processing 

f a c i l i t y ,  perhaps h i t i a l l y  a t  Goddard, f o r  t h e  usual  p r x e s s i n g  before 

i t  is  d i s t r i b u t e d  t o  the  p r inc ipa l  s c i e n t i f i c  i nves t iga to r s .  

The 

Link Requirements - Communications l i n k s  are required between the  Apollo 

CSM crew, the  DWS crew and the  MSFN as show i n  Table 15. These l i n k s  are 
similar t o  those required f o r  t he  Skylab Program, but  w i t h  t he  addi t ions  

Indicated.  

which sends da ta  by meam of t h e  command l ink .  

ins ta l lec '  i n  the  DWS as w e l l .  

It is proposed t o  have a te le typewri te r  i n  t h e  a i r lock  module, 

A backup unit would be 
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Table 15 
Communications Link Requirements -- 

DWS-CSM DWS-MSFN CSM-MSFN 

Two-way voice Two-way voice Two-bay voice 

-ging Ranging/tiacking Ranging/tracking 

Housekeeping T/M Housekeeping T/M 

* Two-way TV 

* High Data R.sre 
S c i e n t i f i c  T/M 

Teletype (Uplink) 

Command (Uplink) 

Command (Up l i n k )  

I * Additions t o  Skylab Requirement; 

The in t e r im  s t a t i o n  must have t h e  capab i i i t y  both t o  send and t o  

receive t e l e v i s i o n  so as t o  permit d z t a i l e d  cxperiment conferences with 

t h e  ground. 

transmitter aboard t h e  DVS. 

t h l s  purpose, a d  wuuld se rve  as backup, its regu la r  use e n t a i l s  t h e  

act i ,yat ion of c i rcu i t s  oil t h e  quiescent  s to red ,  docked CSM. 

t ionalSy s impler  t o  have t h e  e n t i r e  TV system wi th in  t h e  space s t a t i o n ,  

and t h i s  permits g r e a t e r  f l e x i b i l i t y  i n  t h e  TV sys t em.  Provis ions will 
be  made for connection of t h e  t e l e v i s i o n  camera i n  var ious sec t ions  of 

t h e  MDA, AM, and DWS as w e l l  as t h e  CM and then  route  s i g n a l s  t o  t h e  DWS 

transmitter. It is intended t o  have t h e  TV antenna, rece iver  and d isp lay  

loca ted  i n  the  DWS. 

independent bu t  ava i l ab le  cowun ica t i ans  link. The a v a i l a b i l i t y  or two- 

way t e l e v i s i o n  gives  the  in t e r im  s t a t io rw  much more communication system 

f l e x i b i l i t y  and capab i l i t y  than i s  cu r ren t ly  planned on the  Skylab. The 

add i t ion  of high d a t a  rate telemetry t o  t h e  in te r im s t a t i o n ' s  system w i l l  

be  discussed i n  t h e  following seLtion.  

It is prclposed t o  l o c a t e  ooth t h e  t e l e v i s i o n  camera and t h e  

Althohgh t h e  CSM t r ansmi t t e r  is ava i l ab le  f o r  

I t  is opera- 

This makes the  Apollo CSM TV s y s t e m  an e n t i r e l y  

Spectrum Res t r i c t ions  and Channel Capacity - The g rea t e r  s c i e n t i f i c  

da t a  load and the  need f o r  f requent  readout of t h e  s c i e n t i f i c  da ta  

accumulated during these  in t e r im  missions cannot be  handled by e x i s t i n g  

Apollo-Skylab conf igura t ions ,  

wideband da ta  handl ing capab i l i t y  l i n k s  added to  t h e  DWS systems. 

It is necessary t o  have some add i t iona l  
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The MSF.4 rad io  rece ivers  are continuously tunable over t he  range of 

2200 t o  230f. MHz. The in te r im s t a t i o n  telemetry is considered t o  be 

confined t o  t h i s  band and t h e  subsequent datrt transmission performance 

will !;e assessed on t h i s  b a s i s .  Other bands, such as 1435 t o  1535 and 

1700 t o  1710 MHz could be ava i l ab le  i f  t h e  STADAN f a c i l i t i e s  were t o  be  

used but  these  have been assumed t o  be f u l l y  committed t o  o the r  1 .ograms. 

Ln addi t ion,  laser and/or millimeter wave l i n k s  could be  cmployed as 

experiments with the  DWS f o r  t h e i r  assessment as high da ta  rate links. 

illis in te r im program would be  expected t o  implement da t a  t ransmission 

experiments e w l o y i n g  poss ib le  fu tu re  type l i n k s  i n  order  t o  eva lua te  t h e i r  

appl j -cabi l i ty  t o  the  space s t a t i o n .  However, they have not  been considered 

i n  t h i s  s tudy t n  order  t o  eva lua te  t h e  Apollo-Skylab system capability with 

cu r ren t ly  a v a i l a b l ?  o r  ininimaliy modif ' sd  equipment. 

The cu r ren t  frequency a l loca t ions  i n  t h e  2200 t o  2300 MHz band are 

de l inea ted  i n  Table 16, Refs. 14, 15, and 16. It has been .-.ssumed t h a t  

some lunzr programs, manned o r  unmanned, w i l l  be  underway during the  :light 

per iods of Skylab and through t h e  in te r im space s t a t i o n s ;  so t he  2275 t o  

228s MHz band h a s  been reserved f o r  these  lunar  purposes. The Earth 

resouixes program w a s  a s smed  t o  be  continuing and t h a t  i t  would employ 

the  cu r ren t ly  s t a t e d  ERTE frequency assignments. A l s o  ind ica ted  i n  Table 

16 is  a suggested plan f o r  t he  in te r im s t a t i o n s '  systeai band usage. A 10 

MHz band centered a t  2295 MHz would be ava i l ab le  f o r  transmission of 

t e l e v h i o n  signals and low da ta  rate te lemetry,  biomedical da ta ,  two-way 

voice and emergency channels. This band appears t o  be  more than adequate 

when the  requirement f o r  two-way t e l e v i s i o n  h a s  been considered t o  mean TV 
capab i l i t y  present  both i n  the  o r b i t i n g  l a b  and on the  ground, but  not  

simultaneous transmission. 

The ranging transponder is necessary f o r  t h e  l o g i s t i c  docking 

maneuvl;rs and reqlrires about 4MHz bandwidth. 

frequency In t he  2200 t o  2300 MHz band. Ranging is only needed f o r  a 
few hours through launch, o r b i t a l  i n s e r t i o n  and docking. During t h i s  

period, the  ranging signal could preempt one high da ta  rate telemetry 

channel, f o r  during these crew change procedures, the  experiments would 

be at a low l e v e l  of e f f o r t ,  and have a reduced need f o r  t ransmi t t ing  

data.  

It can operate  a t  any 
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Table 16 

MSFN Downlink Spectrum Ut i l i za t io r .  

Frequency MHz 

* 2300 
2290 

2290 
2285 

2285 
2279.5 

2279.5 
2275 .I> 

2275.5 
2255.5 

* 225.5 5 
22: 1.5 

2239.5 
2219.5 

2219.5 
2200 

* 

10 MHz Irrterim Space S t a t i o n  TV and Housekeeping 
T /M 

ERTS Housekeeping T/M (2287.5 Apollo Command 
Module PM Carrier) 

Uncommitted (2282.5 Apollo SIV-B PM Car r i e r )  

ALSEP (2277.5 Apollo SIV-B FM Car r i e r )  

ERTS Return Beaa Vidicon Data Downlink 
(2272.5 Apollo Command Module FM Carrier) 

16 MHz In te r im Space S t a t i o n  Data Downlink 

ERTS Scanner Data Downlink 

19.5 M4z In te r im Space S t a t i o n  Data Downlink 

* Indicates Inter im Space S t a t i o n  Channels 
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The foregoing s t a t e d  commitments leave ava i l ab le  f o r  s t a t i o n  use 

two channels, one centered a t  2210 and one a t  247.5 hHz f o r  t h e  trans- 

mission of real t i m e  o r  s t o r e d  s c i e n t i f i c  da ta .  To use these bands, i t  

requireb the  addi t ion  of two t r ansmi t t e r s  and antennas i n  the  DW:. By 

use of the  2210 and 2247.5 MHz channels, i t  is poss ib le  t o  traminit two 

data  streams of 19.5 and 16 Mbps respec t ive ly ,  i n  e i t h e r  PC?I/PX o r  PCM/FM. 

Current design p rac t i ce  uses a lower r a t i o  of b i t  rate t o  bandwidth; 

however a r a t i o  of 1:l should be technica l ly  f e a s i b l e  and in curren t  

practice by 1975. 

t o  a bandwidth l imi t ed  r a t h e r  than power l imi t ed  l i nk .  

transmissions should resolve,  i f  there  are any, c o n f l i c t s  between the  Lunar 

ALSEP and the  SIV-B s t age  housekeeping telemetry.  The frequency congestion 

which could r e s u l t  from concurrent f l i g h t s  of ERTS and Apollo may be 

rel ieved by a s h i f t  i n  the  CSM transmitter frequency t o  thc  5L90 t o  2300 

band as previously mentioned. 

This r a t i o ,  with a s u f f i c i e n t  S/N r a t i o ,  is  appropr ia te  

Scheduling of 

Data Rate Requirements versus Capab i l i t y  - The adequacy of the  

proposed downlink telemetry channels w a s  examined in t e m  of transmitter 

power as w e l l  as i n  terms of mission experiment requirements. 

s i o n  and o the r  telemetry requirements are bas i ca l ly  the  same as tha t  f o r  

Apollo and whf ch already have demonstrated capab i l i t y  considerably beyond 

the  needs out l ined  for t he  in te r im s t a t i o n s ;  there  is thus no need t o  

ver i fy  t h e i r  performance margins. S imi la r ly ,  the  u p l i  hks designs,  dpera t ing  

i n  t h e  2090 t o  2120 MHz band, can be  shown t o  be  more than s a t i s f a c t o r y .  

The te lev i -  

A de ta i l ed  examination of  t he  downlink telemetry power budget w a s  
made. The d e t a i l s  are presented i n  Appendix C. 

a t ransmi t te r  on the  order  of 12 watts is s a t i s f a c t o r y  f o r  a wideband 

channel and t h a t  i t  would bc capable of t ransmi t t ing  approximately 20 mil l ion  

bps. 

i t  would need only s l i g h t l y  less vwer. 
cons is ten t  with some of 'he Apollo and Saturn IV-B equipment used with 

the  Apollo lunar prograa. 

the two wideband da ta  channel8 increases  the  in t s r im s t a t i o n  power 

requirements by less than 200 watts. 

These r e s u l t s  show t h a t  

I f  a performance channel of  less than 16 mi l l ion  bps were required,  

This t r ansmi t t e r  power l e v e l  is 

The two add i t iona l  t ransmi t te rs  required f o r  

The communications system requirements were a l s o  examined i n  terms 

of the  ground reception equipment and considering only the  MSFN 30 foot 
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diameter antennas ae being ava i lab le .  

are given i n  Appendix D. 

cf cont inenta l  U.S. is s a t i s f a c t o r y  f o r  orb i : s  of 28 112’ i n c l i n a t i o n s ,  

However, f o r  ti,!? misslons with an o r b i t  of 5\3’, some supplemental coverage 

may be  cecessaiy . 

The d e t a i l s  of t h i s  e v a l w t i o n  

These r e s u l t s  showed t h a t  t h e  s t a t i o n  coverage 

In  order  t o  estimate the  t o t a l  da t a  which may be reguiar ly  and 

per iodica l ly  re turned t o  Earth,  one m u s t  eva lua te  the  number of t i m e €  

t he  space statio:, o v e r f l i e s  ground statims on a regular  bas i s .  I f  a 

d i r e c t  da i ly  ove r f l i gh t  of a s i n g l e  sste  is  assumed, w e  can C O . . ~  m utc: an 

upper bour ’ f o r  t h i s  da i ly  da t a  r e tu rn  capab i l i t y  t o  Earth.  A very 

d e t a i l e d  study would be  necessary i f  i t  were necessary t o  eva lua te  the  

e f f e c t s  such as experiment schedules,  o r b i r  i n c l i n a t i o n  ,nd d r i f t  and 

s i t e  masking p a t t e r n  so as t o  determine t h e  a c t u a l  t r a n s i e n t  da ta  t rans-  

mission time ava i l ab le  and s u b s e q e n t l y  t h e  recorder  c;pacity required.  

On an avera&se b a s i s ,  t he  da ta  t r ansmi t t a l  capabi l j  ty  t o  Earth should 

exceed o r  a t  least equal  t he  da ta  t h a t  is poss ib le  t o  be  generated by the  

experiments. 

f o r  we  d i r e c t  Jver f ly  of one ground s t a t i o n  each day. 

f i gu re  is  the  average da i ly  da ta  load generated on the  spacecraf t  f o r  

each of the  missions. T t  is evident  t h a t  t h e  proposed 14n1cs would be 

more than s a t i s f a c t o r y  f o r  t he  condi t ions . ’  one da i ly  ove r f l i gh t .  

9ne d i r e c t  ovc r f l i gh t  of a ground s t a t i o n  might not be rade each da):  

however, the  results i n  Appendix D show t h a t  che ne t  d a i l y  ove r f l i gh t s  

wi th in  range of the ground s t ac ions  are at least  equal t o  o r  g r e a t e r  than 

one d i r r c t  ove r f l i gh t .  The r,e:,uork l i nkup  of g o m d  s t a t i o n s  i n  the ‘‘LCk?. 

should have da ta  transmission capab i l i t y  at  l e a s t  equal  i o  t he t  f o r  t?ie 

s i n g l e  r e c e p t i m  site. 

Figure I t  shows the  s t a t i o n  da ta  transmiss.ton rate cepab i l j t y  

Illso shown i n  t h i s  

Should the  experiment p rogrm sahedule be revised,  the da ta  loads 

could increase ua4cedly. 

This overlwr! could be r e h c e d  i n  s eve ra l  ways: by increased as t ronaut  

scrpening of Csta prAor  t o  transmission, increased l o g i s t i c  hard copy a r  

tape data  re turn ,  addi t ion  of experimental channel3 ucreage, or preemption 

of o ther  channels such as the ERTS S-band chmnel .  Sine -  the  ERTS ea te l -  

l i t e  occupies a near polar  orbic, while t he  mx,ned sta. ions a re  a lower 

lnc l ina t ion  o r b i t ,  the  in t e r f e rence  between thes r  two spacecraf t  

The proposed channels then might not be adeqriats. 
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simultaneously using the  same ground s t a t i o n  should be a t  a minimum. On 

t he  o the r  hand i f  an ERTS is  a o t  i n  o r b i t  i ts channel could be used, and 

i t  does give a margin f o r  growth t o  the  in t e r im  space s t a t i o n  communica- 

t i o n s  system. 

Radiation and Micrometeoroid Pro tec t ion  

Radiation and micrometeoroid p ro tzc t ion  are considered toge ther  f o r  

they are both passive systems and they are each designed t o  s u s t a i n  t h e  

crew’s s a f e t y  aga ins t  a probable event.  

s o l a r  f l a r e  w i l l  occur or t ha t  the  spacecraf t  w i l l  be bombarded by 

mfcrometeoroids are high. These passive systems are thus v i t a l  sys tems 

f o r  the  in t e r im  space s tp t ions .  

The p robab i l i t y  t h a t  e i t h e r  a 

Radiation Environment - How much ene rge t i c  p a r t i c u l a t e  r ad ia t ion  

each human can s t and  is not e x p l i c i t l y  defined f o r  i t  is dependent upon 

the energy of the  p a r t i c l e s  as w e l l  as the to le rance  of each individual .  

For t h i s  s tudy,  a dose limit t o  the blood forming organs of 40 r e m  

(Roentgen equivalent  man) p e r  s i x  month per iod has  been assumed as the  

criteria. This is the same cr i ter ia  as w a s  used fDr the  recent  NASA Space 

StationIBase s t u d i e s ,  Ref. 17.  

determinations,  i t  has been assumed t h a t  the  r ad ia t ion  absorbed dose, 

designated rad,  is equivalent  t o  t h e  b io log ica l  r ad ia t ion  damage o r  Roent- 

gen equivalent  man. 
p ro tec t ion  required f o r  t he  human blood forming organs. The body s h i e l d s  

these organs, and t h i s  sh i e ld ing  e f f e c t  i s  conservat ively est imated t o  b e  

equivalent  co 5 grams&iz of aluminum. I f  only t h e  pr imary  s t r u c t u r e  and 

the  micrometeoroid sh i e ld ing  is considered, t h e  e f f e c t i v e  sh i e ld ing  furnished 

by thesd are estimated t o  be  equivalent  t o  3 grams/TiE2 of aluminum. 

conservative i n  the sh ie ld ing  determinations,  any sh i e ld ing  e f f e c t  which 

could be gplned by s e l e c t i v e l y  loca t ing  equipment around the spacecraf t  ‘ 8  

walls has not been included. These foregoing assumptions and c r i t e r i a  

were the  bases used i n  determining the  amount of rad ia t ion  sh ie ld ing  

required. 

As is o f t e n  done i n  sh i e ld ing  requirement 

The sh ie ld ing  determinations are made upon the  

To be 

The various cont r ibu tors  t o  t h e  rad ia t ion  environment f o r  t he  

In te r im space s t a t i o n s  a re  shown I n  f igures  13  through 15, Refs. 1 7 ,  18, 
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and 19. 

1 g/cm2 aluminum s h i e l d  as a funct ion of o r b i t  a l t i t u d e  f o r  o r b i t  i n c l i -  

na t ions  of u)", 60" and 90'. 

f o r  trapped protorrs. 

during a year  of average max imum s o l a r  a c t i v i t y ,  i n  t e n s  of  s h i e l d  

thickness  i n  g/cm2 of aluminum and f o r  a 50" inc l ined  o r b i t .  

are predicated on a p robab i l i t y  of 0.99 of  not accumulating more than the  

i n d i r e c t  dosdges. A t  o r b i t  i nc l ina t ions  less than about 35", t he  Earth 's  

magnetic f i e l d  e f f e c t i v e l y  s h i e l d s  t h e  spacecraf t  from s o l a r  protons. 

Figures 16 and 1 7  shbw t h e  t o t a l  i n t eg ra t ed  dose i n  rad/year as a funct ion 

of r ad ia t ion  s h i e l d  u n i t  weight i n  g/cm2 of aluminum f o r  d i s c r e t e  a l t i t u d e s  

from 150 t o  500 n.m. 

e f f ec t iveness  of  s h i e l d  thickness  aga ins t  both trapped e l ec t rons  and 

trapped protons,  Ref. 18. 
55", and f igu re  17 is f o r  i n c l i n a t i o n s  between 25' and 35". 

t i ons  less than about 35", t he  rad ia t ion  s h i e l d  need only p ro tec t  aga ins t  

t he  trapped rad ia t ion ;  while  above t h i s  i n c l i n a t i o n  i t  m u s t  p ro t ec t  against 

a por t ion  of t he  s o l a r  f l a r e  r ad ia t ion  as w e l l .  

each crew member can t o l e r a t e  only 80 rad/year t o t a l  dose, t h e  r ad ia t ion  

sh ie ld ing  which m u s t  be added t o  t he  4000 square f e e t  of the spacecraf t  

external sur faces  can be readi ly  determined from these  f igures  f o r  each 

m i s s  ion. 

Figure 13 gives  the  trapped e l ec t ron  dose pe r  yea r  behind a 

Figure 14 presents  s imilar  types of da t a  

Figure 15 p resea t s  t he  s o l a r  proton dose pe r  year ,  

These da ta  

These f igures  are derived from d a t a  which show the  

Figure 16 is  f o r  i n c l i n a t i o n s  between 45" and 

A t  inc l ina-  

I f  i t  is assumed that 

Meteoroid Shie ld ing  - For the  f l i g h t  durat ions of these missions,  some 

micrometeoroid sh i e ld ing  o ther  than t h a t  furnished by the  bas ic  spacecraf t  

s t r u c t u r e  k i l l  be necessary. Figure 18 ;news the  s p e c i f i c  micrometeoroid 

s h i e l d  requirement as a funct ion of mission durat ion,  based on a probabi l i ty  

of 0.99 t h a t  no penet ra t ions  of t he  manned spacecraf t  w i l l  occur,  Refs. 20 

and 21. The meteoroid s h i e l d  type is assumed t o  be two aluminum shee t s  

separated by a polyurethane foam energy absorber. The inner  shee t  is the  

primary spacecraf t  s t ruc tu re .  

of tha t  contr ibuted by t h e  ou te r  aluminum shee t  and by t he  polyurethane 

foam. 

Thus t h e  meteoroid s h i e l d  weight cons i s t s  

The various port ions of the Inter im space s t a t i o n  which would requi re  
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protec t ion  and the  sur face  area t o  be  pro tec ted  a r e  as follows: 

Mult iple  Docking Adapter (MDA) 

Airlock Module from MDA t o  f ixed  SLA shroud 1207  

Cyl indr ica l  por t ions  of Workshop 15 20 

Tota l  Area 3520 

803 T? 

The s torage  tanks mounted a t  the  lower end of the  workshop are considered 

t o  be  heavy enough t o  furn ish  t h e i r  own meteoroid p ro tec t ion  as w e l l  as 

t o  furn ish  p ro tec t ion  f o r  t h i s  end of t h e  spacecraf t .  

and enclosed tanks give some of t h e  needed p ro tec t ion  f o r  t h e  a i r l o c k  

module. 

t h e  in t e r im  s t a t i o n  as a funct ion of mission durat ion.  For a one yea r  

mission, t h i s  s h i e l d  weight is over 6000 pounds. 

t he  weight of t he  spacecraf t  primary s t r u c t u r e ,  i t  gives  an average t o t a l  

w a l l  dens i ty  of  about 3 g r a m s m 2 .  

The f ixed  SLA shroud 

Figure 19 shows t h e  tr;tal meteoroid s h i e l d  weight required f o r  

When t h i s  is added t o  

If  the  mission durat ions should be  extended beyond t h e i r  designed 

durat ion,  f i gu re  20 shows t h e  e f f e c t  f o r  t h e  added durat ion upon t h e  

probabi l i ty  of  meteoroid puncture. 

Missions A through D with design dura t ions  of  360, 390, and 421; days 

respect ively.  Extending the  use of t h e  Mission A spacecraf t  f o r  s l x  

months would increase  its p robab i l i t y  of meteoroid puncture by one-half 

percent.  

given considerat ion i n  any planning f o r  post  program use of spacecraf t  

by reac t iva t ion .  

The t h r e e  curves shown are f o r  t h e  four  

The p o s s i b i l i t y  of space s t a t i o n  meteoroid puncture wou1.i need be 

In determining the  amount of materials required f o r  both the  micro- 

meteoroid and the  r ad ia t ion  sh ie lds ,  ca re fu l  considerat ion was made f o r  

t he  cont r ibu t ion  t h a t  t h e  former could make on the  l a t t e r ' s  needs. 

O r b i t  Maintenance 

The atmosphere is s u f f i c i e n t ,  even a t  a l t i t u d e s  g rea t e r  than 200 

nau t i ca l  miles, t o  cause t h e  space s t a t i o n ' s  o r b i t  t o  decay appreciably.  

The atmospheric drag is g r e a t e s t  upon the  s a i l  l i k e  s o l a r  c e l l  a r r ays .  

I n  order  t o  maintain a des i red  o r b i t  a l t i t u d e ,  a drag makeup s y s t e m  is 

required and i t  i s  included as one of t he  s t a t i o n  systems. This system 

cons is t s  of t h rus t e r s ,  plumbing, con t ro l s  and the  f u e l  and its tankage. 
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'The ana lys i s  t o  determine the  drag of t l  '::- here  upon the  space 

s t a t i o n  was performed i n  two parts: 

and tha t  f o r  t h e  s o l a r  a r r ays  alone. This was doce i n  m d e r  t o  see t h e  

e f f e c t  of t he  types of and poeer system sizes chosen 011 t he  d?ag makeup 

system required.  Experience has shown t h i s  t o  be  accaptkble,  for t he  

a r rays  are usual ly  separated as on booms from t h e  s n c i e c r a f t  proper.  

s o l a r  panel ana lys i s  depended heavi ly  upon the  r e c u l t s  reported i n  Ref. 22. 

This repor t  shows t h a t  when both t h e  e l e c t r i c a l  power system ( including 

a r r ays ,  b a t t e r i e s  and cont ro ls )  and t h e  drag makeup sys tem ( f u e l ,  tankage 

and th rus to r s )  are considered, and f o r  a l t i t L d e s  g r e a t e r  t h ? n  135 n a u t i c a l  

miles, then t h e i r  combined s p e c i f i c  ve igh t  is lower f o r  r rays  which are 

sun-oriented than f o r  arrays which are orbi t -or iented.  

missions considered i a  t h i s  s tudy were an t i c ipa t ed  t G  requi re  a l t i t a d e s  less 

than 190 n a u t i c a l  miles ,  the ana lys i s  which foilows c o n s 2 . r e d  only sun- 

or ien ted  ai-rays. 

d i c u l a r  t o  t h e  SKI a t  a l l  times. Figure 21 which is from Ref. 22, and i t  

is f o r  t he  s o l a r  a r r ays  only, shows the  s p e c i f i c  weight f o r  t he  drag makeup 

system ( f u e l ,  tanks,  and th rus to r s )  as a funct ion of o r b i t  a l t i t u d e .  The 

values shown i n  t h i s  f i gu re  are f o r  a one-year mission and f o r  a drag 

makeup f u e l  having an I 

t h a t  for tht: space s t a t i o n  alone, 

T k  

Since none of the  

Sun-driented a r r ays  mem t h a t  t he  array. ire kept  perpen- 

o f  320 seconds. 
QP 

The e f f e c t  of atmospheric drag upon t h e  space s t a t i o n  i.s determined 

i n  a d i f f e r e n t  manner. I n  order  t o  ca l cu la t e  the drag makeup f u e l  weight,  

i t  is necessary t o  know the  s t a t i o n ' s  e f f e c t i v e  m/CDA as w e l l  as the  f u e l  

and o r b i t  c h a r a c t e r i s t i c s .  The 'ollowing s t a t i o n  parameters were used i n  

t h i s  determination: 

m = 7000 s lugs  

A = 380 F L ~  
= 2  cD 

I = 320 seconds 

Mission n 1 year durat ion 
SP 

And the  space s ta t im includes t h e  workshop, lIDA, AM, and h e  docked 

Apollo CSM. From these assumptions, i t  can be  shown a n a l y t i c a l l y  ( the  

de t a i l ed  ana lys i s  'Ls given i n  Appendix E a t  t h e  end of t h i s  repor:) t ha t  

t he  ve loc i ty  iapulee  requlrec? p e r  o r b i t  f o r  drag makeup is: 
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where 

V is c i r c u l a r  ve loc i ty  a t  t h e  i n i t i a l  a l t i t u d e  

AF is change in o r b i t  per iod due t o  t h e  drag 

P is period of t he  i n i t i a l  o r b i t .  

C 

The dimensionless quan t i ty  APjP has been determined f o r  a range of a l t i t u d e s  

and f o r  given values of m/C A i n  Refs. 23 and 21. 

drag make*tp f u e l  required f o r  each o r b i t  of t h e  space s t a t i o n  is then: 

Using these da ta ,  the  D 

I f  the  space s t a t i o n  drag f u e l  requirement f o r  one year  is in t eg ra t ed  with 

:he drag makeup system and f u e l  f o r  t h e  s o l a r  a r rays  from Figure 21, then 

f igu re  22 rerults. 

space s t a t i o n  a t  s i x  d i s c r e t e  power l e v e l s  from 1 t o  25 kw f o r  a range of 

o r b i t a l  a l t i t u d e s .  

system weight f o r  t h e  space s i a t i o n  o r i en ted  end-on t o  the  flow and with- 

out  s o l a r  a r rays .  

This shows t h e  drag ndceup system w e i g h t  f o r  t he  e n t i r e  

Also shown as t h e  lowest curve is t h e  drag makeup 

(Power = 0 )  

As w a s  discussed i n  t h e  previous s e c t i o n  i n  Figures 16 knd 17, t he  

rad ia t ion  sh ie ld ing  requiremenes increase  with increases  i n  o r b i t  

i nc l ina t ions  and a l t i t u d e s .  

b e  made when thc  sh i e ld ing  weight requirements are combined with the  drag 

makeup system whose weight decreases with a l t i t u d e .  

given inc l ina t ion ,  a t  which the  sum of these  two systems is a minimum 

should be of i n t e r e s t .  

weights as a funct ion of o r b i t  a l t i t u d e  and f o r  t he  power levels corres- 

ponding t o  those f o r  missib..s A throuql. D. 

depending on the  o r i e n t a t i c n  of t he  solar coil panels .  decreases near ly  

expouentially with a l t i t u d e  up t o  the  a1 t i t u d e  a t  rh i ch  the  spacecraf t  

s t ruc tu re ,  meteorot. sh i e ld ,  and t h e  human Douy can furn ish  the  r ad ia t ion  

sh ie ld ing  necess-.)' t r r  t h e  h w - .  Ze?y blood-forming orgaas.  

t h e  knee of the  curves shown. Above t h i s  a l t i t u d e ,  add i t iona l  r ad ia t ion  

sh ie ld ing  is required. The f igu re  shows a minimum weight a t  an a l t i t u d e  

of interest f o r  these mimions.  For a space s t a t i o n  inc l ina t ion  of 28.5 

degrees, the  o r b i t  a l t i t u d e  of 245 n.m. has t h e  minimum weight; and a t  

50 degrees i r lc l inat ion,  -he opt imm a l t i t u d e  is 195 n.m. 

There is  an i n t e r e s t i n g  t radeoff  which may 

The a l t i t u d e ,  f o r  a 

Figures 23, 24 and 25 show these combined systems 

%e drag makeup system weight, 

This i s  

I f  these r e s u l i s  
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were to  b e  used t o  de f ine  t h e  o r b i t a l  c h a r a c t e r i s t i c s ,  then the  fou r  

missions' o r b i t s  would be as follows: 

Mission 
I n c l i n a t i o n  A 1  t i tude 

Degrees n a u t i c a l  miles 

A 28 1 1 2  

B 50 

C 28 112 

D 28 1 / 2  

245 

19s  

245 

245 

Also of i n t e r e s t  i n  add i t ion  to  maintaining t h e  space s t a t i o n  i n  
its des i r ed  a l t i t u d e ,  is t h e  rate a t  which each mission spacec ra f t s '  

o r b i t  would decay after t h e  conclusion of t h e i r  missions. Figure 26 

shows t h e  o r b i t  decay h i s t o r i e s  f o r  each of t h e  above mission o r b i t s .  

For these curves, i t  w a s  assumed t h a t  t h e  a r r a y  o r i e n t a t i o n  w a s  maintained 

and t h a t  t h e  spacec ra f t  w a s  kep t  end-on t o  t h e  d i r e c t i o n  of travel a f t e r  

t h e  drag makeup system had been s h u t  down. It can be seen t h a t  t h e  o r b i t s  

of missions A, C and D decay very slowly and near ly  independently of which 

of t h e  two a r ray  o r i e n t a t i o n s  is maintained. 

245 n.m., t hese  spacec ra f t  could be l e f t  f o r  a t  least 18 months before  

the re  would be o r b i t  decay s u f f i c i e n t  t o  i n d i c a t e  inminent atmospheric 

reentry of t he  s t a t i o n .  This should give mi;sion planners some leeway 

i n  deciding on f u t u r e  spacec ra f t  reuse. 

I n  f a c t  a t  the  a l t i t u d e  of 

It is also apparent fiom f igu re  26 t h a t  t he  o r b i t  for mission B, with 

its initia; a l t i t u d e  of only 195 n.m. decays very rapidly.  

its arrays are l e f t  sun-oriented, i t  decays t o  130 n.m. a l t i t u d e  i n  only 

140 days. I f  t h e  a r r ays  would be or iented p a r a l i e l  t o  the o r b i t  path when 

t h e  drag ratLkeup system w a s  shu t  down, then i t  would take 290 days t o  decay 

I n  f a c t  i f  

130 n.m. a l t i t u d e .  Post-program r e a c t i v a t i o n  of mission B wculd b e  a 

more a t t r a c t i v e  a l t e r n a t i v e  i f  t h e  space s t a t i o n ' s  a l t i t u d e  were t o  be 

increased before  s t o r i n g  i t  i n  o r b i t .  

Increased by 25 n.m. t o  220 n.m., then the  s t a t i o n ,  with sun-oriented a r r ays ,  

would take 360 days t o  decay t o  130 n.m. and near ly  740 days i f  these a r r ays  

are s to red  orbit-oriented. 

I f  t h i s  space s t a t i o n ' s  a l t i t u d e  were 
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Inter im Space S ta t ion  WrightL 

T h i s  s ec t ion  i s  more than j u s t  a statement o f  t he  weights f o r  

t he  seve ra l  i n t e r i m  space s t a t i o n s .  

those systems t h a t  may impact o r  be impacted by t h e  mission require- 

ments were evaluated i n  d e t a i l .  

f o r  each of the fou r  missions with t h e  requirements of these missions. 

When a i l  t h e  systems are considered, some systems inf luence t h e  mission 

ope ra t iona l  c h a r a c t e r i s t i c s  as much as t h e  experimental program. 

A s  w a s  pointed out  earlier, only 

This s e c t i o n  i n t e g r a t e s  a l l  the s y s t e m  

Except f o r  t h e  second mission which is l a r g e l y  devoted t o  experi- 

ments r e l a t e d  t o  Earth observations,  t h e  mission requirements of t h e  

o t h e r  mission experiments do not have s p e c i f i c  o r b i t  a l t i t u d e  nor 

i n c l i n a t i o n  requirements. 

missions A, C, and D were examined and t r a d e o f f s  performed between t h e  

experiment needs, r a d i a t i o n  and micrometeoroid s h i e l d i n g  requirements, 

drag makeup f u e l ,  l o g i s t i c  veh ic l e  capaci ty ,  and launch vehicles  

c a p a b i l i t i e s .  An o r b i t  i n c l i n a t i o n  of 28 1 / 2  degrees permits use of 

the  f u l l  capab i l i t y  of t he  launch veh ic l e ,  and i t  w a s  t h e  s e l e c t i o n .  

The o r b i t a l  a l t i t u d e  at which t h e  weight requirements f o r  r a d i a t i o n  and 

micrometeoroid s h i e l d i n g  and f o r  drag makeup f u e l  is  the lowest, r e s u l t s  

i n  the  lowest t o t a l  weight spacec ra f t ,  and t h i s  a l t i t u d e  of 245 n a u t i c a l  

miles w a s  t ne  s e l e c t i o n .  Mission B, t h e  Earth observaticns mission, has 

its o r b i t  i n c l i n a t i o n  of 50" defined by t h e  ground survey a i d  coverage 

requirement. 

So as t o  determine t h e i r  missicn o r b i t s ,  

Its o r b i t  a l t i t u d e  of 195 n a u t i c a l  miles ,  on the o the r  hand, 

was defined by minimizing the  weight of t h e  s v s i e c r a f t .  

summarizes the  o r b i t a l  requirements f o r  each of t he  missions. 

Table 

Table 1 7  
Miss ion  Orbi t  Requirements 

~~ ~~~ 

Al t i tude  Inc l ina t ion  
Mission Nautical  Miles Degrees 

A 245 28 1/2" 

B 195 50" 

C '145 28 1/2O 

D 245 2 8  1 / 2 O  

1 7  
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The weights f o r  the  s i x  vers ions of t h e  i n t e r im  space s t a t i o n s  a r e  

summarized i n  Tables 18 and 19. 

weights f o r  each major spacec ra f t  module. The cur ren t  design weights 

for t h e  Skylab I vehic le  a l s o  are shown f o r  comparative purposes,  Ref. 

7. 

various spacec ra f t  are almost propor t iona l  t o  the crew s i z e s .  On t h e  

o the r  hand, f o r  t h e  expendable supp l i e s  shown i n  Table 19,  t he  expendable 

weights &re c lose ly  propor t iona l  t o  t h e  t o t a l  man-days f o r  each mission. 

The expendable items were broken down i n t o  two ca tegor ies ,  those which 

are necessary o r  d e s i r a b l e  a t  i n i t i a l  a c t i v a t i o n  of space s t a t i o n ,  and 

those that can be suppl ied during any l o g i s t i c  f l i g h t .  

s a ry  so as t o  know what items needed t o  be launched as p a r t  of each 

in t e r im  space station. 
and recovering both water and oxygen, mission D, can be seen by comparing 

these  mission weights with those f o r  mission B. Mission B has a crew of 

only s i x  men while  missions C and D have n ine  men each; y e t  t h e  potable  

water weight is 23,000 pounds less f o r  mission C than f o r  mission B. 
The oxygen load f o r  mission D, which i s  mostly f o r  emergency, i s  16,000 

pounds less than t h a t  required f o r  mission B. 

saving is about equivalent  t o  t h a t  f o r  one Apollo CSM l o g i s t i c  vehic le .  

Table 18 lists the  f ixed  equipment 

I f  t he  experiments are ignored, t h e  f ixed  i t e m  weight f o r  t he  

This w a s  neces- 

The e f f e c t s  of recovering t h e  water, Mission C, 

This  combined weight 
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Table 19 
Interim Space Station Spacecraft Expendable Supplies Weights 

Skylab I fission A 

M u l t i p l e  Docking Adapter 
Supplies 
Containers 

Airlock Module 
Oxysea 
Oxygen Tankage 
Nitrogen 
Nitrogen Tankage 
Coolant andlor Water 
Water Containers 

P i  Im 
Film Radiation Storage 
Attitude Control Fue l  (Nz) 
Attitude Control Tankage 
Drag Makeup/Artificial "g" Propulsion 
Drag Makeup Tankage 
Potable Water Supply 
Potable Water Tankage 
Food 
Food Containers 
Hxperiment Support 
Bxperimcmt Support Packaging 
Experiments i n  Modulee 
Launch Vehicle-Artificial "g" Propulsion 

Orbital Workshop 

TOTALS 

>Men - 
690 

}Kl 
25,690 
4,930 

16,000 
1 , 100 
3,560 

110 
50 

19,205 
605 

3 , 300 
1.350 
3. ,650 

6,200 
3 , 000 
1,680 

420 

45,585 

I n i t i a l  

15,965 
3,390 
8,500 

940 
2,700 

90 
45 

12,345 

900 
1 , 800 

4,050 
2,025 
1,080 

2 70 

200 
2,020 

28,310 

+Men 
Rssupply Total 

22,255 48 , 520 
6.771) 

18; LOO 
1,880 
5,400 

2 70 
135 

38,880 51,225 - 
2 , 700 
5,400 
2,400 

2 40 
1 2  , 150 
6,075 
3 , 240 

810 
5,330 

5 35 

71,435 99,745 

Mission B 
6-Men 

hi t i a l  

19,285 
4,340 

11,170 
940 

2 , 700 
90 
45 

20.635 

900 
1,800 
1 , 600 

160 
8 , 100 
4,050 
2,160 

540 
1,205 

I20 

Resupply Total 

43,060 62.345 
9,770 

25,130 
2,010 
5,700 
300 
150 

68,080 88.715 

3,000 
6,000 
5,100 

5 10 
27,000 
13,500 

7 , 200 
1,800 
3,610 

360 

39,920 111.3.42 151,060 

- 71 - 

Wat 

I n i t i a l  
- 

22 , 645 
5.330 

13,540 
9 GO 

1,700 
90 
45 

47,655 

- 
900 

1,800 
8 ,  IOG 
1,200 

11 , 510 
5,755 
3,240 

8 10 
400 
40 

13,900 

'0,300 
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Mission C Mission D Mission 'c' Mission 'D' 
Ussion B Water Recovery 820 6 02 Recovery Water Recover, 820 6 02 Recovery 

6-Men 9-Uen - 9-Men &Men . 8-Men 

Resupply 'iota1 I n i t i a l  Resupply Total I n i t i a l  &supply Total I n i t i a l  Resupply Total I d t i a l  Resupply Total 

43.060 62.345 
9,770 

25,130 
2,010 
5,700 

300 
150 

68.080 88.715 

3,000 
6,000 
5,100 

5 10 
27,000 
13,500 

7,200 

3,610 
360 

1,800 

111,140 151,060 

22,645 
5,330 

13,540 
940 

2,700 
90 
45 

47.655 - - 
900 

1,800 
8,100 
1,200 

l l , _ S l O  
5,755 
3,240 

810 
400 
40 

13.900 

70 . 300 

55,975 78,620 
13,220 
33,860 
2,200 
6,200 

330 
165 

41.760 89,415 

3,300 
6,600 
5,100 

5 10 

11,880 
2,970 
1,270 
130 

10,000 

99,735 168.035 

18,135 
1,690 
5,230 

940 
2,700 
5,050 
2,525 

24.930 

900 
1,800 

11.510 
5,755 
3,240 

810 
830 
a5 

36,195 54,330 

2,200 
6,200 

18,530 
9,265 

86,410 111,340 

3,300 
6,600 
5,100 

5 10 

11,880 
2,970 
3,775 

380 
51,895 

w 5  122,605 165.670 

21.605 
5,000 

12,830 
3 40 

2,700 
90 
45 

44,220 

900 
1,boo 
8,100 
1,200 
9,520 
4,760 
2,880 

720 
400 
40 

13,900 

65,825 

48,250 6 9 , ~ ~  
11,260 
28,870 
2,010 
5 . 700 

300 
150 

37,680 81,900 

3,000 
6,000 
4,800 

480 

9.600 
2,400 
1,270 
1m 

10 , 000 

85.970 151,795 

&9!Q 
1,480 
4,790 

940 
2,700 
4,780 
2,390 

21,495, 

900 
1,800 

9,520 
4,760 
2,880 

120 
830 
8.5 

31,620 48,610 

2,010 
5,700 

15 ,WO 
7,970 

82.330 103,822 

3,000 
6,000 
4,800 

4 80 

9,600 
2,400 
3,775 

380 
51,895 

38,485 113,950 152.435 
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LAUNCH AND LCGISTIC VEHICLE CAPABILITY 

Space S ta t ion  Inse r t iop  

INT-21 Lil-mch Vehic.'e -. - Each of t h e  i n t e r i n  space stsc!.ons w i l l  

be  launched by a two-stage Saturn V cons is t ing  of t he  S-IC and S-;I 

s tages .  This launch system is sometimes r e fe r r ed  t o  as t h e  INT-21.  

Inasmuch as the  ex te rna l  s t r u c t u r e  of each in te r im space s t a t i o n  is 

i n  r e a l i t y  t h e  S-IVB s t age  t h e  o v e r a l l  appearance of t h e  l a u c h  

veh ic l e / s t a t ion  a t  launch is s i m i l a i  t o  t h e  more f ami i i a r  t h ree  s t a g e  

Saturn V. Figure 27  shows t h e  launch veh ic l e  arrangement and l ists  

t1:e s t age  char x t e r i s t i c s  . 
Since each of these lrehicles w i l l  have been manufactured for  t h e  

Apollo Program no major product improvements w i l l  be incorporated i n  

t h e i r  design. I n  p a r t i c u l a r  t he  new, h igher  performance .l-S engine 

w i l l  no t  be  ava i l ab le  f o r  use aboard t h e  S-I1 s tage .  Thus only one 

start of the  S-I1 propulsion system is poss ib le ,  d i c t a t i n g  t h a t  t h e  

S-11 s t a g e  f i r i n g  be  continuous from i g n i t i o n  t h o u g h  cut-off a t  inser- 

t i o n  i n t o  tha des i red  o r b i t .  

continuous burn ascent is shown i n  Figure 28. 

from a s impl i f ied  computer program of launch vehic le  performance. 

p a r t i c u l a r  value of performance f o r  t h i s  launch vehic le  from morc exten- 

sive ana lys i s  i n  support  of t he  Skylab I program is shown. Within t h e  

accuracy of o ther  weight determinations f o r  t he  in te r im space s t a t l o n ,  

t he  acctracy f o r  t h e  performance envelope given is s u f f i c i s n t .  

suggested o r b i t  a l t i t u d e s  and inc l ina t ions  f r t he  in te r jm s t a t i o n s ,  and 

the  r e su l t i ng  gross  payload capab i l i t y  t o  these  o r b i t s ,  are tabula ted  below: 

The perfontiance envelope f o r  such a 

The envelope wes dsveloped 

A 

The 

A 1  t i tude Inc l ina t ion  Payload 
'1 iss ion (n.m.1 (deg) ( lb s )  

A 245 28 f 202,000 

C 245 23 3 202,000 

D 245 26 3 202,000 

B 195 50 200,000 

Although the  use of Figure 28  is obvious, th ree  cons idera t iom 

(otLer than the  necess i ty  f o r  continuous bum; rnet  Inf luence the  
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allowable s t a t i o n  weight need explanat ion:  (1) t h e  range s a f e t y  

cons t r a in t s ,  (2) t h e  l a c a t i o n  i n  t h e  t r a j e c t o r y  a t  which t h e  payload 

shroud is  j e t t i s o n e d ,  and (3) t h e  payload margin. 

Range Safe ty  - Recent infarmation obtained from Saturn v launch 

opera t ions  ana lys i s  i nd ica t e s  t h a t  i t  should b e  poss ib l e  t o  launch a t  

azimuths as low as 45 degrees. The corresponding o r b i t a l  i n c l i n a t i o n  

which r e s u l t s ,  predicated on a p lanar  ascelrt t r a j e c t o r y ,  is 51.5 degrees. 

Higher i n c l i n a t i o n s  would only be  achieved by yawing the  S-I1 s t age ,  a f t e r  

o r b i t a l  ve loc i ty  has  been a t t a ined ,  so as t o  r o t a t e  t h e  o r b i t a l  ve loc i ty  

vector .  

iL that yaw steering towai? the nor th  would probably b e  performed during 

tSe ascent  phase. 

ir: payload over t h a t  shown i n  Figure 28. 

t o  t h e  E a s t  coast of t he  k i t e d  S t a t e s  and Canada, a d e t a i l e d  impact 

analysis is required t o  de te rc ine  t h e  l i m i t s  t o  which t h i s  maneuver would be  

possible .  

This latter assumption of a p lanar  ascent  is somewhat r e s t r i c t i v e  

This yaw s t e e r i n g  maneuver would result i n  b s l i g h t  ga in  

Because of t he  p o t e n t i a l  hazard 

Shroud J e t t i s o n  - The ascent  t r a j e c t o r y  concept cu r ren t ly  under 

sons idera t ion  f o r  Skylab I ca l l s  f o r  t h e  payload shroud, weighing 

about 25,000 lbs. ,  to  be re ta ined  u n t i l  o r b i t  i n se r t ion .  This concept 

w a s  a i s o  asstuned i n  t h e  preparat ion of  Figure 28. Thus the  - n e t  weight 

allowable for an in te r im space s t a t i o n  mission w i l l  be  25,000 l b s .  less 

than ind ica ted  i n  t h e  f igure .  A more s tandard  ascent  p r o f i l e ,  of 

course, wauld ca l l  f o r  t h e  shroud t o  b e  j e t t i s o n e d  earlier i n  t1.e 

t r a j e c t o r y  with a r e s u l t i n g  increase  i n  ne t  payload. 

t h r  shroud were j e t t i s o n e d  a t  S-I1 i g n i t i o n  t h e  n e t  payload would be  

lower than t h a t  shown i n  Figure 27 by only about 8000 l b .  Since the  

type of p~y10ads  envisioced f o r  t h c  in te r im spacc s t a t i m  aissfons w o d 3  

need launch p ro tec t ion  only aga ins t  wind loads,  t he  eerlier shrcud 

e j e c t i o n  and t h e  8000 pound paylo26 penal ty  are more appropriate .  

I f ,  f o r  example, 

Payload Margir - As a point  of reference t h e  Sa t r rn  V payload 

capab i l i t y  f o r  t he  Skylab L mission (h - 2 3 5  nm, i = 50") is 197,000 

Ib, Rei. 7. 

MDA, AM, IU, experiments anu shroird) I s  about 165,000 lb .  which i n d c a t e s  

a payload margin of a b w t  3G,OOO l b .  

The design weight of t h e  t o t a l  payload system (workshop, 

Since most of the  Skylab mission 
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requirements are w e l l  e s t ab l i shed ,  i t  is apparent t h a t  t h i s  margin i- 

intended t o  provide f o r  growth i n  hardware weight. Thus i t  is  reasonable 

to  employ a similar margin of constant  weight (about 30,000 l b )  f o r  t he  

in te r im s t a t i o n  missions r a t h e r  than a margin based 3n a constant  percent- 

age of ,he launch vehic le  payload capab i l i t y .  With these  ccns idera t icns  

f o r  hardware growth and t h e  descent a l t i t u d e  a t  which the  nose shroud is 

j e t t i s o a e d ,  t h e  launch performance shown i n  Figure 28 would be reduced 

by 38,000 pounds, and t h e  r e s u l t a n t  values would b e  t h e  m a x i m u m  design 

w e i g h t  f o r  t h e  mission sp rcecraf t .  

Logistic Vehicle 

The Apollo command module and sez-dce module w a s  t h e  only vehic le  

considered t o  perform t h e  l o g i s t i c  funct ions of carrying t h e  crews t o  the  

space s t a t i o n  and back t o  Earth.  There were, however, two vers;ons OK the  

command module (CM) which w e r e  considered, t h e  cu r ren t  3-man version and 

a proposed 4-uan vers ion.  

a t  sea using t h e  cur ren t  Apollo recovery o p e r a t i m a 1  methods. 

the command module systems would of necess i ty  be  a l t e r e d  o r  modified t o  

permit its quiescent  s torage  i n  space f o r  t h e  90-day crew r o t a t i o n  period. 

That equipment necessary f o r  only t h e  s h o r t e r  l una r  type missions would b e  

removed t o  obta in  s to rage  volume and payload allowance f o r  da t a  and f i lm  

to  b e  returned t o  Earth.  Those items t h a t  are removed just  about equate  

i n  weight with those items which are -equired f o r  t h e  in te r im space 

s t a t i o n  missions. 

Either vers ion  would land and be  recoverable 

Some of 

I'ne four  man vers ion of  t h e  Apollo (CM) has been s tud ied  extensively 

by both indus t ry  and NASA f o r  - m e  as a l o g i s t i c  vehic le  f o r  Earth o r b i t  

missions. Adding the fourti: man t o  t h e  Apollo capsule does remove some 

of t h e  p r a c t i c a l l t y  f o r  using t h e  crew seats as s leeping  couches. The 

f l i g h t s  t o  an Earth o r b i t i n g  space s t a t i o n  would be l e s s  than 16 hours 

f r m  rime o f  start  of crew's on pad checkout through l i f t  o f f ,  i n j ec r ion ,  

doc; 

systen~a f o r  its 90-day quiescent  period. 

accomplished i n  less than t h i s  same period. Thus, there  is no need t o  

provide t h e  c o n v e r t i b i l i t y  of t h e  crew seats t o  s lec&ng couches. The 

four th  crew man i n  the Apollo capsuie would have the  same type of landing 

.g with the  space s ta t im and t h e  s h u t t i n g  down of t he  command module 

Reti*-71 t o  Earth would be  
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shock a t t enua t ion  b u i l t  i n t o  h i s  seat as is b u i l t  i n t o  t h e  present  sears. 
Each  man would have h i s  own spacesui t  and l i f e  support  connections. 

proposed six-man vers ion  of t h e  Apollo command module a l s o  has  been s tudied  

extensively.  

s q - o r t  f i r s t ,  because t h e  capsule  would r equ i r e  extensive a l t e r a t i o n s  and 

expensive changes, and second, t h e  l a r g e r  crew would not  allow as much 

opera t iona l  f i e x i b i l i t y  no r  would i t  permit a more uniform number of men 

occupying t h e  space s t a t i o n .  

A 

For t h i s  study, however, i t  was no t  considered f o r  l o g i s t i c  

The A p o l l o  service module (SM) serves as t h e  cargo c a r r i e r ,  and ds such 

r equ i r e s  t h e  most extens ive  change-. 

compartments equal ly  spaced around a cen te r  engine core.  

conta in  t h e  tankage and f u e l  f o r  t h e  engine, and one contains  the  f u e l  cells 

and t h e i r  reac tan ts .  For Earth o r b i t  l o z i s t i c  support .  t he  SM would act 

as a trans-stage and propel  t h e  Apt110 CSM from the  boos te r  i r l se r t ion  

a l t i t u d e  t o  docking with t h e  space sca t ion .  Upon Earth r e tu rn  the SM 
propuls ion ctage would br ing  t h e  Apollo capsule  t o  the  lower o r b i t  a l t i t u d e  

a t  which t h e  Apollo re-entry maneuver starts. This l imi ted  use of t h e  pro- 

pu ls ion  system would requi re  only one oxident  and one f u e l  tank. 

requirements f o r  electrical  power are a l s o  g r e a t l y  reduced, and thus the 

equipment i n  t h e  e l e c t r i c a l  power system bay would be g rea t ly  reduced. 

reduction i n  electrica!. power needs reduces the  amount of cooling r a d i a t o r  

and consequent sur face  area coverage requirements. 

The present  Block I1 module has s i x  

Four of  these  

The 

The 

Some of the  f u e l  tanks used ca the Apo3 10 l u n a  iitoddr ate more 

appropr ia te  i n  s i z e  f o r  che propulsion needs of t h e  Earth o r b i t a l  transpor- 

t a t i o n  maneuvers than those cu r ren t ly  i n  t h e  SM. 
for t h e  e x i s t i n g  f u e l  tanks,  then t h t  e l e c t r i c a l  powsz s y s t e m  components 

can also be  i n s t a l l e d  i n  t h e  same bays. These would f i l l  t he  largest two 

of t h e  s i x  bays. This leaves four  bays e n t i r e l y  available f o r  s torage  of 

l o g i s t i c  cargo. 

to as a Block I11 version,  Ref. 25. Two of t h e  compartments have a volume 

of 175 cubic f e e t  each. I f  t h e  l o g i s t i c  carg- werc 113 ILqdid, these  four  

compartments could hold about 35,000 pounds o f  water exclusive of its tank- 

age. I f  t h e  cargc. were a t yp ica l  mixture 0; dry l y g i s t i c  

these  four  compa-:tmen*s could then conta in  about 20,OOC pounds. 

I s  adequate volume i n  these four  SM bays t o  car ry  a l l  6xperimental 

I f  these  are s u b s t i t u t e d  

This reconfigured service module has sometimes been re fer red  

uppor t  i tem, 
There 
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support  items except  those which measure over  3 1 /2  f e e t  i n  diameter 

and 12 f e e t  i n  length.  

only access ib l e  through an e x t r a  vehicu lar  a c t i v i t y ;  however the  space 

traverse required is only s l i g h t l y  more than the  conica l  height  of  

Apollo, about 15 f e e t .  

bu i l t - i n  piping and i t  would requi re  only the  attachment of hose l i n e s  

a t  t h e  docking po r t .  

for it would requi re  opening t h e  compartment ou te r  panel  and t r a n s f e r  of 

items by crew EVA a c t i v i t y  and some type of  an endless  l i n e  arrangement. 

I t  must b e  understood t h a t  these cargo bays are 

The t r a n s f e r  of l i q u i d  cargo could be through 

The bulk cargo t r a n s f e r  would be more d i f f i c u l t  

T a b l e  20 summarizes t h e  weights f o r  t h e  h a n  and the  4-man Apollo 

CSM spacecraf t ,  and i t  includes t h e  crew and the  Block I11 service 

module without i ts ; o g i s t i c  cargo load. 

F contain d e t a i l e d  breakdowns of t he  weizhts given i n  t h i s  tab le .  

e f f e c t i v e  weight of t h e  l a  iich escape system i s  reduced by about 6500 

pounds when i t  is e j ec t ed  soon a f t e r  t h e  second s t a g e  i g n i t e s .  

Tables F-1 t o  F-4 i n  Appendix 

The 

Table 20 
Apollo Logis t ic  Vehicle Weight 

>men 4-men - Items 

Fixed 

Command Module 11,145 12,035 

Service Module 11,260 11,260 

Launch Vehicle Adapter  

Saturn IV-B 4,155 4,155 

T i t =  III-M 5,000 5,000 

2,700 2,700 (1) Launch Escape System 

Expendab l e  

Cornand Module 1,550 1,915 

Service Module 5,930 5,100 

Totai  

With SIV-B Adapter 36,740 38,165 

With Ti tan  III-M Adapter 37,585 39,010 

Based on carrying LES u n t i l  29 seconds a f t e r  second 
s t age  ignit'on (200 lbs )  and yaw steer1r.g (700 l b s )  I 
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Logis t ic  Launck. Vehicles 

Only th ree  launch vehic les  were considered f o r  the  l o g i s t i c  support  

f o r  t he  inte.rim space s t a t i o n  missions. 

developed :,ystemS, however as a l a m c h  vehic le ,  only one has had f u l l  

f l i g h t  qua l i f i ca t ion .  

III-M, and a t h i r d ,  having s o l i d  rocket motors as the  f i r s t  s t a g e  and a 

Saturn IV-B as the  second s tage .  

Saturn-IV-B f o r  convenience. The c h a r a c t e r i s t i c s  and launch capab i l i t y  

f o r  each vehic le  w i l l  be considered separa te ly .  

Each of them has cu r ren t ly  

These th ree  vehic les  are the  Saturn I-B, t he  T i t a n  

The la t ter  vehic le  has been named SRh- 

Saturn I-B - The Saturn I-B veh ic l e  was developed t o  f l i g h t  qua l i fy  

the  Apollo spacec ra f t  a d  its sys tems.  

stage and a Saturn IV-B second s t age .  

t h e  Saturn I-P we= f l i g h t  q u a l i f i e d  f o r  manned launches. 

adapter  is the  same as is used on t he  Saturn V launches of t h e  Apollo CSM 

spacecraf t .  

var ious inc l ina t ions  and a l t i t u d e s .  It can p lace  between 33.000 and 

35,000 po-ads  i n t o  250 n a u t i c a l  mi l s  a l t i t u d e  o r b i t s  and a t  i n c l i n a t i o n s  

of g r e a t e s t  interest €or space s t a t i o n  operat ion.  

It cons i s t s  of a Saturn I-B f i r s t  

I n  qua l i fy ing  the  Apollo spacecraf t ,  

The payload 

Figure 29 shows t h e  launch capab i l i t y  f o r  t h e  Saturn I-B at 

Ti tan  III-M - The T i t a n  III-M w a s  designed and configcred f o r  l o g i s t i c  

svpport  of  t h e  A i r  Force Manned Orbi t ing  Laboratory, MOL program. 

seven segment S G i d  rocket motors f o r  t h e  T i t an  launch vehicla  had j m t  

about completed t h e i r  q u a l i f i c a t i o n  tests when the  MOL program was canczl led.  

The payload launch capab i l i t y  f o r  t h i s  vehic le  i s  given i n  f igu re  30. 

This vehic le  can p lace  about 25,000 pounds i n t o  a 250 c a u t i c a l  m i l e  o r b i t .  

The Ti tan  III-M was configured t o  be used w i i A  ir G r i i i i u i  2-man venic le ,  and 

thus i t  does not  have as  much payload capab i l i t y  as t he  Saturn I-B. 

use the  Ti tan  III-M as a launch vehicle  f o r  t h e  Apollo CSM, i t  v : l l  be 

necessary t o  construct  an adapter sec t ion  t o  mount the  Apollo CSM on top 

the  Tiran 

There has been considerable eb.perience with hammerhead conf-:gurecfons 

espec ia l ly  f o r  t h e  unmanned systems, and there  should be no unexpected 

undesirable Charac t e r i s t i c s  t o  preveu: t h e  q u a l i f i c a t i o n  of t h i s  

combination as a man r a t ed  laur.ch vehic le .  

l%e 

To 

'!%e vehirlc i . i c ) d r i  Labe a s l i g h t  hamnertrrad shape a: launch. 
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SRM-Saturn IV-B - This vehic le  has no t  been assembled, bu t  i ts  

components have had extensive f l i g h t  expzrience.  

seven segment, s o l i d  rocket motors, the  same as thos: used with the  T i t an  

vehicles ,  comprise the  f i r s t  s tage ,  and t h e  SIV-B would be t h e  second 

stage. Since the  launch vehic le  i s  a new configurat ion,  the intercc-mec- 

t i o n s  of t he  s o l i d  rockets  as a f i r s t  s t a g e  would need t c  be designe ' and 

t e s t ed ,  as w e l l  as the i n t e r s t a g e  with t h e  SIV-B. However, t he  develop- 

ment of t he  vehic le  should not  be  extensive f o r  t h e  s o l i d  rocket  motors 

had almost completed t h e i r  test phase under t h e  MOL program. 

of t h e  s t r u c t u r a l  components and t h e  c lus t e r ing  of  t he  rocket motors 

should p r o f i t  from t h i s  previous f l i g h t  experience.  To qua l i fy  t h i s  

vehic le ,  i t  should requi re  not  many more tests. The c a l r s l a t e d  perfor-  

mance envslope f o r  t h i s  launch vehic le  is  shown i n  Figure 31. 

veh ic l e  can piace over 55,000 pounds of payload i n  a 250 n a u t i c a l  m i l e  

o r b i t  a t  the  inc l ina t ions  of i n t e r e s t  f o r  t h i s  s tudy.  

Thre? 120-inch, 

The design 

This 

Mission Accomplishment 

The spacec ra f t  weights and l o g i s t i c  support  requirements f o r  each 

mission have been d e t a i l e d  e a r l i e r .  

with the  launch vehic les '  c a p a b i l i t i e s  s o  as t o  determine the  s u i t a b i l i t y  

and f e a s i b i l i t y  of each t o  support  these s tud ied  nissions. 

summarizes f o r  t h e  s i x  s tud ied  missions t h e  f ixed  weights and the  i n i t i a l  

support  requirements f o r  each mission spacecraf t .  The INT-21 vehic le  ne t  

launch capabi l i t ;  is indicated.  Except f o r  mission C ,  INT-21 can insert 

t h e  i n t e r i :  stat:.on, its f ixed  weight items and a11 of its i n i t i a l  manning 

needs i n t o  each desired mission o r b i t .  For Mission C which has the  unusu- 

a l l y  la rge  loads i n  connection with the  a r t i f i c i a l  g rav i ty  experiment. 

some se l ec t ion  would be neeJed between those Items necessary t o  be ava i l -  

ab l e  f o r  t he  f i r s t  crew a t  i n i t i a l  manning and those items which could h e  

brought up on the  f i r s t  l o g i s t i c  missions. 

more frequent l o g i s t i c  f l i g h t s ,  some i e l axa t ion  i n  t h e  cr i ter ia  of the  

amount of emergency l i f e  support  suppl ies  on board t h e  in te r im s t a t i o n  may 
be necessary. For ins tance ,  by changing t h e  emergency l i f e  kcppore supply 

c r i t e r l ?  t o  t h a t  t o  be  s u f f i c i e n t  f o r  a 60-day emergency, i t  wouid pe rmi t  

t he  t r a n s f e r  of about 10,000 pounds from t h e  i n i t i a l  manning loads to  

resupply loads.  

These payloads need t o  be compared 

Table 21  

For t h i s  mission, which has 

What items t o  be included w i t h  each s t a t i o n  lxmch is 
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of necess i ty  outs ide  the  scope of a f e a s i b i l i t y  study. 

r e s u l t  shown i n  Tsble 21 is tha,  each in t e r im  space s t a t i o n  and a gQod 

percentage of i t s  i n i t i a l l y  needed expendable items can be  placed i n t o  

t h e  des i red  o r b i t  f o r  each mission. 

The important 

Table 22 summarizes f o r  t h e  s i x  missions t h e  l o g i s t i c  loads and the  

launch c a p a b i l i t i e s  f o r  each of t h e  t h r e e  l o g i s t i c  launch vehic les .  

i n i t i a l  manning items not  launched with t h e  s t a t i o n  f o r  Mission C have 

been ca r r i ed  over t o  be  included with i ts  resupply loads.  

missions,  a l l  of which have excess s t a t i o n  launch capaci ty ,  some resupply 

items would be  included with t h e  i n i t i a l  manning items in order  t h a t  t he  

f u l l  u t i l i z a t i o n  of each launch vehic le  could be  u t i l i z e d .  The r e s u l t a n t  

average resupply load f o r  each l o g i s t i c  launch, ranges from about 5500 

pounds for Mission A t o  12,700 pounds f o r  t h e  opt iona l  8-man vers ion of 

Mission C. 

Those 

For t h e  o the r  

Each l o g i s t i c  mission must launch an Apollo command module which 

carries the  new crew t o  t h e  s t a t i o n ,  and a service module which per-  

forms t h e  docking maneuvers wi th  t h e  s t a t i o n .  That launch capab i l i t y  

of t he  l o g i s t i c  vehic le  over t h a t  required f o r  t h e  Apollo ZSM would be  

devoted tc, resupply items. Table 22 shows tha t  nc i the r  the Satui:  1-8 

nor  the  T i t an  111-M have load capab i l i t y  t o  carry any resupply items. 

f a c t  they cannot i n s e r t  t he  Apollo CSM package a s  defined i n  t h i s  study 

i n t o  any of t h e  mission o r b i t s .  

of  capab i l i t y  t o  perform t h e  l o g l s t i c  mission f o r  just  the  Apol'-o CSM, and 

thus i t  should not  be considered as ii candidate vehicle  f o r  use with '-.hkse 

missions. 

I n  

The Ti tan  111-M lacks over 10,000 pounds 

The Saturn I-B lacks between 1500 and 3,OO pounds of capab i l i t y  t o  

launch t h i s  s tudy Apollo CSM. This same Saturn I-B w i l l  be w e d  t o  launch 

the  3-man Apollo CSM 1ogis t iL  vehicles  i n  support  of the  Skylab I program. 

The l o g i s t i c  resupply load over  and above the  Apollo CSM f o r  t h i s  Skylab I 

program is less than a hundred F W I I ~ S  for each launch. By ca re fu l  s t ak ing ,  

the  Skylab I l o g i s t i c  Qiss ions  can be  performed by the  Saturn I-B vek'cle. 

Similar ly ,  ca re fu l  t a i i o r i n g  of  t h e  i n s e r t i o n  maneuver and g rea t e r  11 : of 

t he  service module propulsion system could probpbly increase  the  Lapabill cy 

of the  Saturn 1-8 so t ha t  i t  might i n s e r t  t h e  Apollo CSk in t ,  the  in te r im 
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s t a t i o n  mission o r b i t s .  However, t h i s  would result i n  the necessi t -?  t o  

have the  rasuppljj items suppl ied  by some o the r  vehic le  o r  means. 

I f  unmanned l o g i s t i c  launc!!es are t o  be consiueied, t he  Apollo 

service module would L e  necessary f o r  each l c g i s t i c  f l i g h t  so as  L ~ J  

dock thz cargo. The weight of t he  se rv ice  mndule, i ts expeiraablta, t i l?  

launch vehicle. adapter ,  and a nose cone would t o t a l  about 24,000 pounds. 

This would leave f o r  each unmanned S ~ t u r n  I-R 1 w w h  approximately 10,000 

gounds f c r  resupply items. This capabilit.; aooiit equal  t o  t he  average 

resupply i?ad  necessary f o r  each manned l o g i s t i c  mission. 

f u l l  l o g i s t i c  support  of these  missions by the  Saturn I-B i t  would requi re  

one unmanned l o g i s t i c  resupply launch with Z L . ~  manned launch. 

t h i s  mcans, t h e  Saturn I-B could be  considera! t o  be a candidate l o g i s t i c  

launch vehic le  f o r  these  missions.  Jowever before  a f i n a l  decis ion were 

t o  be  riade, a more d e t a i l e d  s tady  would be required of Fission 3 t o  

i nves t iga t e  how t h e  Isotope Brayton power and t h e  astronomy exper i sen ts  

moaules could be handled opera t iona l ly .  

Thus, f o r  the 

Aud by 

The t h i r d  evaluated l o g i s t i c  launch vehic le ,  t he  SRM-SIV-B has an 

excess of reaupply payload capab i l i t y  f o r  each l o g i s t i c  launch. 

excess var ids  from 7,600 t o  15,000 pounds de,o-nding on the  Liission. 

excess c a p a b i l i t j  r ea l i zed  in t h e  seven segment s o l i d  rocket motor, howevet 

causes one t o  wonder i f  t he  l o g i s t i c  loeds i-culd be s a t i s f i e d  with fewer 

s o l i d  notor  segments. mator h a s  not be 3 t e s t ed  

f o r  use with manned l amchcs ,  i t  has  been and is  be ng 
f o r  ui.manned launches. 

rocket motors f i r s t  s t age  with a S-IJF seccqd Atage w a s  determined. l t o  

c a l c d a t e d  capabil?.ty turned cu t  t o  be about 10,000 pounds leFs thari t ha t  

f o r  t he  seven segmznt SRM-SIV-3. As such, i t  vould have capeb i l i t y  t o  

support  only about ha l f  of th r .  l o g i s t i c  missiocs. Because of t h i s ,  the  

f i v e  segment vehic le  could be a candidace launch v t h i c l e ,  but  i t  would 

not  be as a t t r a c t i v e .  

which can permit e i t h e r  grea;er weupply loads or  r.:perimcnt hardwarc 

growth and this makep i t  the more des i r ab le  choice. 

This 

nis 

Altlxugh a f i v e  segmer 
extensively 

Thus the  capdbi1it:r of a three, f ive-sefpent  s o l i d  

The *O*Ieri segment SRM-SXV-B has excess capab i l i t y  
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PROGRAM COSTS 

Witbout E med s p a c e f l i g h t  between t h e  Apollo and t h e  Space S t a t i o n  

Prograa?, t h e  ope ra t iona l  competence b u i l t  up at  Kennedy i n  launch 

c a p a b i l i t y  and at Eouston i n  mission con t ro l  can e i t h e r  be maintained 

on a s u s t a i n i n g  b a s i s  o r  abandoned. It is f e l t  t h a i  these f a c i l i t i e s  

should be  sus t a ined ,  and thus  t h i s  i n t e r i m  space s r a t i o n  program eva lua te s  

t h e  ,..rden of t hese  s u s t a i n i n g  costs. 
burden, a characteristic of an in te r im program, ana t h a t  is t h e  c o s t s  

which are requi red  to  r e a c t i v a t e  veh ic l e  manufacture and t o  dewelop new 

veh ic l e  parts. 

used for developing t h e  costs. 

alternate methods of l o g i s t i c  support. 

This program a l s o  carries another  

T-is  s e c t i o n  discusses  t h e  program costs and t h e  r a t i o n a l e  

It inc ludes  the  program c o s t s  f o r  s e v e r a l  

Costing Rat ionale  

NASA in t h e i r  manned space f l igh t  programs usual ly  have divided t h e  

costs of its programs i n t o  th ree  major areas. 

experiment development, spacecraf t  acqu i s i t i on ,  and mission operat ions.  In 
t h i s  s tudy t h e  same cos t  d iv is ions  were used. 

These are spacec ra f t  o r  

The area of development cos ts  takes  several meanings depending on 

t h e  pas t  h i s t o r y  of  t h e  i t e m  being considered. 

IV-B stage has been developed as a propulsion s t a g e ;  however, except f o r  

Skylab I use, i t  has not  been engineered nor  t e s t e d  as  a manned mission 

module. Each of t h e  fou r  Saturn IV-B vehic les  have unique requirements 

for each of t he  four  missions and thus they a r e  each assessed a cost 

f o r  developinent. 

stopped, such as the Saturn  I-B,  it has been assuaed t h a t  t h e  j lgs ,  

f i x t u r e s  and too l ing  have been s to red  and t h a t  no new development would 

be  necessary. 

manufacture, and these  are t r ea t ed  the  same as development cos t s .  

For example, t he  Saturn 

On t h e  o the r  hand f o r  vehic les  whose manufacture has 

However the re  a r e  expenses t h a t  occur t o  r e a c t i v a t e  

I n  determirting t h e  amount of money t h a t  would be needed f o r  develop- 

ing v a r i o w  spacec ra f t  and t h e i r  components, i t  was necessary t o  synthe- 

size r e s u l t s  from s t u d i e s ,  h i s t o r i c a l  cos t  data,  and es t imates  based on 

developing similar types of spacecraf t  (Ref. 26). This synthes is  required 

a g rea t  amount of sub jec t ive  judgment. 

ment c o s t s  as developed. 

Table 23 lists the  vehic le  develop- 

These cos ts  f o r  each vehic le  have been assumed to 
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be spread over a four-year period p r i o r  t o  the  yea r  of first launch. 

The development cost of $250 mil l ion  f o r  t h e  in te r im space s t a t i o n  includes 

the  developmnt and in t eg ra t ion  of the a i r lock  module and the  mul t ip le  

docking adapter as w e l l  as t h e  l i f e  support and c r e w  accommodations. 

The developetent cos t  of the  Apollo command module i n t o  a four-man capsule  

includes the  cost of development of t h e  cur ren t  Block I1 service module 

i n t o  a Block 111 SM with a cargo s torage  and carrying capab i l i t y  as 

w e l l  as a propulsive s tage.  

C S M  includes the  developlaent costs required f o r  a Block I11 SM. 

T i t a n  11144 has not  been man f l i a t  qua l i f i ed ;  nor does i t  have an 

-110 CSN launch vehic le  adapter; nor are the re  t h e  launch f a c i l i t i e s  

for i n t eg ra t ion  of logistic vehicles .  These i t e m s  are i rc luded  in t he  

cost for development f o r  t h i s  vehicle. The components t h a t  are combined 

to  form t he  SRH Saturn IV-Z launch vehic le  have a l l  had extensive f l i g h t  

tests, and thus t h i s  vehicle 's  delelopment costs include those cos t s  

en ta i l ed  i n  the  in t eg ra t ion  of t he  two s tages ,  t he  manned f l i g h t  q u a l i f i -  

c a t i m s  and t h e  launch o p e i d i o n s  of component i n t eg ra t ion  and assembly. 

The s tar t  up costs f o r  t he  3man Apollo 

The 

Table 23 
Vehicle Development Costs 

Vehicle 

' Interim Space S t a t i m  (INS) * 
Apollo CSH, >men 

Apollo CW. 4-men 

Saturn I-b 

Saturn SIC-511 (INT-21) 

Saturn IV-B 

T i t -  1 1 1 - M  

Three 120" 7-Segment Sol id  

* 
* 

* 

Rocket Motor plus SIV-B Stage 
(SRM-S IV-B) 

* 
Start-up 

Mill ions 

250 

100 

225 

70 

130 

30 

250 

80 
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For accounting purposes, the developsent and a c q u i s i t i o n  of t h e  

experiments t o  be performed during the f l i g h t  program have been assessed 

as development costs. 
gent and its equipment are unique, and t h a t  t h e  equipment is b u i l t  and 

developed concurrently.  

w e r e  t h e  most d i f f i c u l t  t o  make. 

w a s  t h a t  a v a i l a b l e  i n  t h e  NASA "Experiment "Blue Book", Ref. 27. 

other source was t h e  results of some i n t e r n a l  ana lys i s  of h i s t o r i c a l  da t a  

and which r e l a t e d  f l i g h t  instrument costs t o  both s i z e  and weight of 
e x p e r i e n t a l  equipment. 

although an experiment w a s  to be performed on subsequent f l i g h t s ,  its 

equipment and techcology would be  a l t e r e d  s u f f i c i e n t l y  to  r equ i r e  newly 

developed equipment f o r  each in t e r im  space s t a t i o n  f l i g h t .  

t h e  f i r s t  mission whose launch date only permits  a b y e a r  development 

per iod,  the development costs for t h e  experiments were spread over t h e  

5-year period p r i o r  to  t h e  year  of each space s t a t i o n ' s  launch. 

The l o g i c  f o r  t h i s  assumption i s  t h a t  each experi- 

The estimates f o r  t h e  c o s t s  of t hese  experiments 

The prime source of experiment cos t  data 

The 

One assumption regarding t h e  experiments w a s  t h a t  

Except for 

Most of t h e  vehic les  used i n  t h i s  program have been used in t he  

Apollo program and t h u s  t h e  c o s t s  to  acqui re  them are w e l l  documented. 

Table 24 lists t h e  values as used i n  t h i s  s tudy f o r  t h e  cos t s  t o  b u i l d  

and d e l i v e r  one vehic le .  In t h e s e  uni t  cos t s  i t  has been assumed t h a t  

&here is cont inui ty  of production of vehic le  type over the  per iod of 

&icle usage. 

apread over t h e  t h r e e  yea r  per iod p r i o r  t o  its launch year. 

Acquis i t ion costs f o r  each vehic le  were assumed t o  be 

Table 24 
Vehicle Acquis i t ion Costs 

Vehicle 

DUS 
Saturn I-B 

INT-21 

T i t a n  111-M 

SRM SIV-B 

Apollo C S M ,  fmea 
Apollo CSM, 4-men 

Mil l ions 

150 

50 
80 
25 

40 
45 

50 
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The determination of t he  program ope ra t iona l  c o s t s  w a s  perhaps the 

easiest t o  estimate, l a r g e l y  b e c z s e  i n  t h i s  area, the re  is the  g r e a t e s t  

amount of data. I n  the  p a s t  t he re  have 5een overlapping manned f l i g h t  

programs, and t h e  only d i f f i c u l t y  i n  analyzing t h e i r  Operational c o s t s  

has been i n  detensining what proportion of the  launch and ope ra t iona l  

c o s t s  were being assessed to each program. The ope ra t iona l  c o s t s ,  it 

t h i s  s tudy,  have been assumed to include those services furnished i n  

connection with t h e  launch site assembly, checkout and launch of each 

spacec ra f t  and those i n  suppcrt  of t h e  spacec ra f t  while  i n  o r b i t .  It 

was assumed t h a t  t h e r e  would be o t h e r  manned ope ra t iona l  launches be fo re  

t h e  s ta r t  o f  t h i s  program and o t h e r s  a f t e r ,  b u t  none during the four  

in t e r im  space f l i g h t s .  Thus t h i s  program would ca r ry  t h e  burden continu- 

ously f o r  t he  ope ra t ion  of Kennedy's launch cmplex and F uston's Mission 

Control during the  time period of t h i s  program. This b a s i s  f o r  a s ses s ing  

these  costs might be considered t o  be a r b i t r a r y ,  however f o r  eva lua t ive  

purposes i t  does give good approximations t o  t o t a l  program cost .  

are o t h e r  program launches during the in te r im space s t a t i o n ' s  f l i g h t  

period, then t h e  ope ra t iona l  launch c o s t s  would be shared, and these  

estimated costs f o r  t he  in t e r im  program would be high. 

i f  t he re  is a period with no launches e i t h e r  immediately before  o r  a f t e r  

t h e  in t e r im  program, the launch operat ion would need t o  b e  maintained 

during these  periods and the in t e r im  space s t a t i o n  program should be 

charged with t h i s  burden, and then i n  t h i s  event the program t o t a l  c o s t s  

would be low. 

I f  t h e r e  

On the o t h e r  hand, 

It w a s  assumed t h a t  a l l  the manned ope ra t iona l  cos t  would be assessed 

t o  t h i s  program continuously over t he  period from the year of t h e  f i r s t  

launch through the year  t h a t  t h e  last spacec ra f t  is f lying.  This is a 
period of nine ya r s ,  and i t  annually averages over 500 mil l ion  d o l l a r s .  

Table 25 lists the annual operat ional  c o s t s  f o r  each vehicle  used i n  t h i s  

Ptogram. The INT-21, s i n c e  i t  is the  major launch veh ic l e ,  is assessed 

with the major ope ra t iona l  cos t s .  If t h i s  vehicle  were not being w e d ,  

some of t h i s  operat ional  burden f o r  Kennedy and Houstoc would need t o  be. 

c a r r i e d  by the  o t h e r  vehicles  being used, and thus t h e i r  ope ra t iona l  c o s t s  

of necessity would be higher  than shown. The construct ion of launch 

f a c i l i t i e s  f o r  the T i t an  111-M and the SRM-SIV-B launch vehicles  are not 
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included i n  these  opera t iona l  costs, ,‘or i t  has been assumed t h a t  these  

types of f a c i l i t i e s  normali.r would be charged t o  t h e  NASA f a c i l i t y  acqui- 

s i t i o n  and not  t o  a f l i g h t  program. 

Table 25 
Annual Launch and Mission Control Costs 

Vehicle Mi l l ions  

Saturn I-B 150 
DWS 65 

INT-21 350 

Ti tan  III-M so 
SRM - SIV B 70 

Apollo CSM, >men 95 

Apollo CSM, 4-men 100 

Program and Option Costs 

By i n t eg ra t ing  t h e  development, opera t iona l ,  and vehic le  procurement 

cos t s  f o r  t he  DWS, INT-2l,experiments, 3 and 4-men Apollo spacecraf t  and 

the  th ree  candidate l o g i s t i c  launch vehic les  , t he  total  resources required 

f o r  s ix  opt ions of t h i s  program were developed. 

anuual program rate of  expenditures f o r  t he  program f o r  each of t he  th ree  

l o g i s t i c  launch vehic les  support ing only t h e  three-man Apollo. 

cos t s  are f o r  a l o g i s t i c s  launch t o t a l  of 36 f o r  each of the th ree  launch 

vehic les ,  and Figure 32 thus shows the  relative annual cos t s  between each 

of these  three  launch vehicles .  The SRM-SIV-B launch vehic le  cos t s  about 

170 mi l l ion  more during the  peak cos t  years  than i f  t he  Saturn I-B vehic le  

were used and t he  use of t he  Ti tan  III-M correspondingly would be about 

150 mi l l i on  less than the  Saturn I-B. 

considering these  annual c o s t s ,  and e spec ia l ly  during the peak years, and 

t h a t  is t h a t  the  opera t iona l  cos ts  of about 600 mil l ion  p e r  year  f o r  the  

period from 1976 through 1984 have been included i n  these annual casts. 

Thus, the  highest  annual program expenditures shown are about 1 b i l l i o n  

d o l l a r s  over t h a t  required t o  support  t h e  annual operat ions cos ts .  

Figure 32 shows the  

These 

One thing should be remembered i n  

Log i s t i ca l ly ,  the  Ti tan  III-M vehic le  cannot perform even the  required 

manning functions i n  t h i s  program, and thus f u r t h e r  considerat ion of i t  is 
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inappropriate .  

an  equal  number of unmanned launches and o r b i t  dockings t o  its manned 

launches, can s a t i s f y  t h e  l o g i s t i c  requirements. Figure 33 shows t h e  

annual c o s t s  of t h e  program with t h e  f u l l  l o g i s t i c  requirements being 

performed by e i t h e r  t h e  Sacurn I-B o r  t h e  SRM-SIV-B launch vehicle .  

annual c o s t s  are f o r  t h e  op t iona l  program i n  which >men Apollo CSM's 
are uszd f o r  Missions A and B and t h e  4-men vers ions are used f o r  Missions 

C and D. These programs include c o s t s  f o r  28 manned launches f o r  e i t h e r  

launch vehic le  and t h e  add i t iona l  required 29 unmanned l o g i s t i c s  launches 

f o r  t he  Saturn I-B vehic le .  

t h e  opt iona l  program br ings  t h e  peak funding when t h e  SRM SIV-B vehic le  

is used down t o  1 1 /2  b i l l i o n  per  year.  This value is 220 mi l l i on  less 

than the  annual funding peak when t h e  >men Apollo CSM's are used exclusively.  

The doubling of  t h e  number of  l o g i s t i c  launches t h a t  are required when t h e  

Saturn I-B vehic le  is used raises its annual program c o s t s  above t h a t  

f o r  t he  SRM-SIV-B c o s t s  and t o  an annual cos t  peak of 1.82 b i l l i o n  d o l l a r s .  

The Saturn I-B launch vehic le ,  by the  addi t ion  of about 

These 

The fewer laun-yes and vehic les  required i n  

The peak funding f o r  any of t h e  f i v e  considered opt ions of t he  pro- 

gram occurs i n  1979 and 1980. To determine t h e  e f f e c t  on the  peak funding 

level by a change i n  launch i n t e r v a l ,  t h e  cos t s  were assessed f o r  an 

increase  i n  launch i n t e r v a l  of t h e  in te r im space s t a t i o n s  from 2 1 / 2  years  

t o  3 1/2 years .  

about 200 mi l l ion  d o l l a r s ,  and i t  does delay t h e  year when peak funding 

first occurs t o  1981 o r  l a t e r .  However, t h i s  s t r e t chou t  i n  launch 

interval increases  the  t o t a l  program c o s t s  by about 2 b i l l i o n  d o l l a r s ;  

since th ree  more years of  operat ion c o s t s  have been added t o  the  t o t a l  

program cos t P  . 

The longer launch interval  reduces the  peak l e v e l  by 

Table 26 summarizes the  t o t a l  c o s t s  f o r  t h i s  program both f o r  when 

only the  3-men Apollo CSM's are used, and f o r  t he  optional. program i n  which 

4-men Apollo CSM's are used f o r  t h e  lat ter two missions.  

I n  t h i s  t a b l e  are those required to  completely man and supply the  four  

missions by e l t h e r  l o g i s t i c  o r  launch vehicles .  

unmanned l o g i s t i c  missions required by t h e  Saturn I-B t o  s a t i s f y  the l o g i s t i c  

needs of t he  missions are included i n  t h e  vehic le  acqu i s i t i on  and operat ions 

cos ts .  

f o r  this vehic le  cannot s a t i s f y  t h e  crew requirements. 

The cos t s  shown 

The cos ts  f o r  add i t iona l  

The program c o s t s  f o r  use o f  t he  Ti tan  III-M vehicle  are not  given, 
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The SRM S-turn IV-B l o g i s t i c  launch vehic le ,  because of  i t s  excess 

payload capaci ty  and thus requi r ing  only t h e  minimum number of vehic les  

t o  change the  crew, has  t h e  ntnimum t o t a l  program cos ts  with e i t h e r  of 

the  Apollo vehic les  used. 

the  launch operat ions and mission con t ro l  cont r ibu te  over $5 b i l l i o n  t o  

t h i s  t o t a l .  The cos t s  f o r  vehic le  development and acqu i s i t i on  are almost 

$7 b i l l i o n .  These vehic le  cos t s  on a pe r  mission b a s i s  are comparable t o  

some of t h e  cos t s  being suggested f o r  a second Skylab mission. 

For t h i s  program's t o t a l  c o s t  of $14 b i l l i o n ,  

The need f o r  add i t iona l  Saturn I - B  l o g i s t i c  vehic les  increases  its 

t o t a l  program cos t s  about $1.7 b i l l i o n  over t h a t  f o r  t h e  same program with 

SRM S I V - B  vehicles .  

t h e  development of new hardware items, and t h e  program opt ion  which uses 

t h e  SRM S I V - B  veh ic l e  is t h e  most a t t r a c t i v e .  In  terms of insurance 

aga ins t  equipment and hardware weight growth i t  a l s o  is  t h e  b e s t ,  f o r  i t  

has  a minimum of 6500 po-mds i n  Excess capab i l i t y  ava i l ab le  f o r  each 

log i s t i c .  launch. 

fu tu re  hardware weight growth. 

l o g i s t i c  vehic le  i n t o  the  program f o r  t h e  l a s t  two missions can produce a 

vehic le  acqu i s i t i on  savings of 1 7  percent and a t o t a l  program savings of 

$7GO mill ion.  

SRM S I V - B  vehic les ,  t h i s  opt ion is  rhe least  expensive of a l l  t he  program 

opt ions;  and i n  s p i t e  of t he  reduced crew s i ze ,  I t  does accomplish almost 

90 percent of t he  des i red  s c i e n t i f i c  experiments. 

An i n t e r im  type program should minimize cos t s  and 

This excess capab i l i t y  could be  used f o r  such Items as 

The in t roduct ion  of a 4-man Apollo CSM 

I n  s p i t e  of t h e  need t o  develop t h e  4-man Apollo and t h e  

CONCLUDING REMARKS 

This study of an in te r im Earth o r b i t a l  manned f l i g h t  program gives  

the  r e s u l t s  f o r  one f eas ib l e  plan t o  maintain cont inui ty  i n  manned f l i g h t s  

between Skylab I and the  Space S ta t ion .  These r e s u l t s  represent  j u s t  

one poss ib le  approach of many a l t e r n a t i v e s  ava i l ab le  t o  NASA .in i ts  

pur su i t  of manned space f l i g h t ,  and they cauld be used t o  he lp  r ed i r ec t  

t he  M A  programs i f  some unforeseen delay of t he  Space S ta t ion  might 

develop. 

From programmatic considerat ions,  t h i s  four  mission, in te r im space 

s t a t i o n  program is a viable  manned f l i g h t  program. 

showed tha t :  

The de ta i l ed  s tudy 
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1. A s c i e n t i f i c  experiment program could be performed over the  

four  dcs ton r ; ,  t h a t  would be equivalent  t o  about two years of simil; 

scier.Li;'ic e f f o r t  on the  Space Scat ion.  

2. Derivat ives  of  t h e  Skylab I spacec ra f t ,  ground f i t t e d  2nd suppl ied,  

could be the  mission spacecraf t .  

3. Spacecraf t  systems such as electrical  power and l i f e  support  could 

be  technica l ly  evolved, developed, and f l i g h t  q u a l i f i e d  from those as used 

on Skylab I t o  those necessary f o r  t h e  Space Stat ionIBase program. 

4. Ei the r  three-men Apollo CSM vehic les  o r  combinations of t h ree  

and four-men Apollos could perform t h e  crew r o t a t i o n  funct ions.  

SRM SIV-B launch vehic le  i n  one launch has  t h e  capab i l i t y  t o  insert the  

manned Apollo spacecr i  't and the  required resupply load i n t o  o r b i t .  

Saturn J-B launch vehic le  requi res  an unma ined l o g i s t i c  resupply launch 

f o r  each launch of a manned Apollo CSM vehic le .  

Only the  

The 

5 .  The program which uses t h e  SRM SIV-B vehic le  because i t  requi res  

t k  least number of vehic les  has t h e  least cos t .  

6 .  The acqu i s i t i on  of  mission spacec ra f t  and experiment hardware 

would cos t  over $8 b i l l i o n .  

i n t e r im  space s t a t i o n  program vehic les  w i l l  no t  be  d i r e c t l y  appl icable  t o  

t h e  development of e i t h e r  t he  Space S t a t i o n  o r  Space Shu t t l e ;  attd thus the  

monies spent  in the  in t e r im  space s t a t i o n  program w i l l  not be e n t i r e l y  

recoverable i n  e i t h e r  t h e  development of t h e  Space S ta t ion  o r  t he  Space 

Shut t le .  

A l l  items used i n  t h e  development of the 

The technology implicat ions from t h i s  study were: 

1. S e r i a l  f l i g h t  developments of seve ra l  types of water and oxygen 

recovery u n i t s  a r e  poss ib le  i n  thicr ' y p e  of program. 

water or oxygen by even the  experimental u n i t s  is worthwhile, f o r  they 

can reduce l a rge  l o g i s t i c  loads.  

Any recovery of the  

2. Development of low weight s o l a r  panels and ba t t e ry  systevls of 

15 t o  20 ki lowat t  capaci ty  are highly des i r ab le  f o r  Earth o r b i t  spacecraf t .  

3. 
t e s t ed ,  operated and e . ?  h a t e d  i n  t i l i d  program. 

Se l f  contained type nuclear  p3wer systems could be f l i g h t  
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4. Frequent l o g i s t i c  missions permit timely supply of repair items. 

Repairability and maintainability of  spacecraft component; shou'.d b e  a 

design criterion.  

5 .  Development of  s t a b i l i t y  systems that would maintain the 

attitude and control of  the mission spacecraft beyond its i n i t i a l  mission 

period, would make the reactivation of these spacecraft possible .  
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APPENDIX A 

EXPERIMENT DESCRIPTIONS 

The experirsents planned for the four interim stations are summar- 

ized on the following pages. 

several missions, they are referred t o  here by t it le and FPE number 

rather than by mission. 

Book", "IcsrperiPtent Support Requirements Analysis, Space Station Program 

Definition", NASA Contract U8-25140, McDonnell Douglas Astronautics 

Company, West, January 13, 1970. 

Since some of the experiments are used in  

This material  as extracted from the "Green 
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S t e l l a r  Astronomy Module (FPE 5.2) 

1) Descript ion and Object ives  

The ob jec t ive  of t h i s  FPE is t o  make stellar observat ions a t  

h igher  r e so lu t ion  and i n  wavelength regions t h a t  are impossible t o  

achieve from t h e  ground. 

i nd iv idua l  f a i n t  stars, ga l ax ie s  and stellar clusters. Photometry 

of  g lobular  clusters, hot  0 and B stars and Cepheid va r i ab le s  w i l l  b e  

used to  determine t h e  b r igh tness  and d i s t ances  t o  those ob jec t s .  

r e so lu t ion  spectroscopy w i l l  enable  abundance determinat ions t o  be 

made of  stars, comets and p lane tary  atmospheres. 

photographic and electronic devices  w i l l  produce high r e so lu t ion  

p i c t u r e s  of star c l u s t e r s ,  p lane tary  su r faces  and t h e  s t r u c t u r e  of t h e  

Milky Way nucleus.  

dus t  clouds i n  t h e  s p i r a l  arms of t h e  galaxy, and give information on 

t h e i r  composition, dens i ty  and movement. 

The o b j e c t s  t h a t  w i l l  be  viewed inc lude  

High 

The use of imaging 

Measurements of p o l a r i z a t i o n  w i l l  r evea l  gas and 

The jnstrument used i n  t h i s  F'PE is a 3 meter Cassegranian tele- 

scope. 

meter te lescope f o r  fu tu re  missions.  

This  te lescope is a precursor  for a t r u e  d i f f r a c t i o n  l imi t ed  3 

2) C o s t  and Ava i l ab i l i t y  

C o s t  - 130 mi l l i on  

Schedule - 1977-1978 
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So la r  Astronomy Module ( W E  5.3) 

1) Descript ion and Object ives  

This FPE w i l l  conduct v i s i b l e ,  W, and X-ray s t u d i e s  of s o l a r  

granular  s t r u c t u r e s  and areas of high s o l a r  a c t i v i t y  with higher  

s p a t i a l  and spectral r e so lu t ion  than are achieved i n  t h e  ATM i n s t ru -  

ments. 

used i n  ATM. 
The instruments i n  genera l  are l a r g e r  vers ions  of t h e  types 

A t e n t a t i v e  instrument complement w i l l  cons i s t  of a 1.5 meter 

ape r tu re  photoheliograph, a .25-.5 meter ape r tu re  spectrohel iograph 

and spectrometer,  two  coronagraphs covering t h e  1-6 and 5-30 s o l a r  

radii ranges and a 0.5 meter ape r tu re  X-ray grazing incidence te lescope 

for both d i r e c t  imaging and spectrometry of s o l a r  f ea tu re s .  

instruments w i l l  be  capable of rece iv ing  updated de tec to r s  over t h e i r  

l i f e t ime .  

The 

2) Cost and Ava i l ab i l i t y  

COS t - 125 mil l ion  

Schedule - 1977-1979 
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Ul t rav lo l e t  S t e l l a r  Astronomy Survey (FPE 5 . 4 )  

1) Descript ion and Object ives  

The ob jec t ive  of t h i s  FPE is t o  photograph ob jec t ive  g ra t ing  

stellar s p e c t r a  i n  the  1000 t o  2000 'A ranges and develop instrument 

technology and i n - f l i g h t  procedures f o r  l a r g e  manned o r b i t i n g  tele- 

scopes. 

of atomic and molecular hydrogen is  a primary goal. 

Extension of photographic spectroscapy i n t o  t h e  Lyman series 

The observat ions are c a r r i e d  out  with an a l l  r e f l e c t i n g  Schmidt 

te lescope mounted on an ATM type s t a b i l i z e d  platform. The exce l l en t  

imagery and wide f i e l d  of view of t h e  te lescope  make i t  s u i t a b l e  f o r  

survey work i n  t h e  f a r  u l t r a v i o l e t .  The 0 .2  meter te lescope  has a l l  

r e f l e c t i v e  o p t i c s  and focuses t h e  image onto an image converter  t h a t  

records t h e  s ta r  f i e l d  on a r o l l  f i lm  camera opera t ing  i n  the  v i s i b l e  

p a r t  of t he  spectrum. 

2) Cost and Ava i l ab i l i t y  

cos t  - 5 mil l ion  

Schedule - 1976-78 
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Space Physics Airlock Experimants - (FPE 5.6) 

1) Description and Objectives 

This funct ional  program element is comprised of a group of 

experiments whose primary goals a re :  

- To obtain da ta  on the  space environment i n  near  e a r t h  o r b i t .  

- To determine the  e f f e c t s  and cons t i tuents  of an induced 
atmosphere above the  space s t a t i o n  and t o  Eeasure i ts  
temporal changes. 

The following experiments are included i n  t h i s  FPE: 

- SO63 - Ul t rav io l e t  Airglow Eorizon Photography 

- SO73 - Gegenschein/Zodiacal Light 

Four o ther  experiments have been defined by t he  "Blue Book" as 
p a r t  of t h i s  FPE. However, these experiments have common object ives  

with FPE's 5.17 and 5.18. 

ments f o r  t he  following experiments w i l l  be included i n  the  sec t ions  

ind ica ted  . 

For the  purposes of t h i s  document the  rsquire- 

- 5149 - Micrometeorite Col lect ion - included i n  FPE 5.18. 

- TO25 - Coronagraph Contamination Experiments - included i n  
FPE 5.17. 

- TO27 - Contamination Measurements - included in FPE 5.17. 

- TO% - Environmental Composition - included i n  FPE 5.17. 

2) Cost and Avai lab i l i ty  

cos t  - 1 mil l ion  

Schedule - 1975 
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Cosmic Ray Physics Laboratory (FPE 5.8) 

1 )  Descr ipt ion and Object ives  

The :osmic ray physics labora tory  is p r i m a r i l y  an a s t rophys ica l  

observaLory f o r  high energy F a r t i c l e s .  

f l u x  of e l ec t rons ,  i s o t o p i c  composition, energy spec t r a ,  and flux 
d i r e c t i o n a l i t y .  

The parameters of i n t e r e s t  a r e  

The secondary ob jec t ive  involves  t h e  inves t iga t ion  of nuclear 

i n t e r a c t i o n s  using t h e  cosmic rays as a source of p a r t i c l e s .  Also, t h e  

s p a l l a t i o n  cross-sect ions and products of higher  atomic number p a r t i c l e s  

can be determined over a wide energy range. 

d i s t r i b u t i a n  w i l l  a l s o  be  measured. 

The t ransverse  momentum 

2) Cost and Ava i l ab i l i t y  

cos t  - 50 mi l l i on  

Schedule - 1975 
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Earth Surveys ( W E  5.11) 

1) Descript ion and Object ives  

This FPE comprises 19 sensors ,  ranging from t h e  u l t r a v i o l e t  

through v i s i b l e  and i n f r a r e d  t o  microwavz. 

groups of these  sensors  simultaneously,  conducting experiments i n  

1) Agriculture/Forestry/Geography , 2) Geoloa/Mineralogy , 3) Hydrology/ 

Water Resources, 4) Oceanography, and 5) Meteorology . Using the  

instruments commonly assoc ia ted  with e a r t h  resources and meteorology 

measurements, patterns and s p e c t r a l  s igna tu res  a r e  formed which allow 

recogni t ion of s u r f  ace and atmospheric f ea tu res .  

The purpose is  t o  opera te  

Early e a r t h  resource sensors  w i l l  no t  opera te  cmt inuous ly ,  bu t  

w i l l  b e  run i n  an experimental  fashion during s e v e r a l  passes  each day 

ranging up t o  6 minutes durat ion.  Poin t ing  a t  t r u t h  sites w i l l  b e  an 

important p a r t  of t h e  d a t a  taken t o  c o r r e l a t e  s igna tu res  with known 

ground f ea tu res .  

na ture ,  bu t  more near ly  continuous opera t ion  w i l l  b e  required t o  obta in  

more near ly  g loba l  atmospheric data.  

Meteorology sensors  w i l l  a l s o  be  of an experimental  

2) Cost and Ava i l ab i l i t y  

The cos t  of t he  e a r t h  survey sensors  is  $40 mi l l ion .  Avail- 

a b i l i t y  1975. 
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Biomedical Research (FPE 5.13) 

1) Description and Objectives 

The o v e r a l l  ob jec t ives  of t h e  medical experiments program 

are described i n  two ca t egor i e s .  

support  and enhancement of man and h i s  a b i l i t i e s  i n  manned space f l i g h t .  

The second is  o r i en ted  toward t h e  advancement of medical science by 

making a v a i l a b l e  t o  t h e  medical community and i ts  researchers  of t h e  

opportunity t o  use t h e  p e c u l i a r  environmental f a c t o r s  of space f l i g h t  

in bas i c  appl ied research. 

The f i r s t  is o r i en ted  toward t h e  

The ob jec t ives  f o r  t h i s  study w i l l  be  m e t  by means of i nd iv idua l  

measurements t o  explore  each of t he  nine areas of body funct ion including: 

(1) Neurophysiology, (2) Cardiovascular Function, (3) Pulmonary Function 

and Energy Metabolism, (4) Nut r i t i on  and Y ; cu loske le t a l  Functions, 

( 5 )  Endocrinology, (6) Hematology and Immunology, (7) Microbiology, 

( 8 )  Pathophysiology, and (9) Toxicology. 

The laboratory system w i l l  c o n s i s t  of IMBLMS and the pe r iphe ra l  

equipment including a Manned Onboard Centrifuge. 

be arranged i n  modules which can b e  assembled i n t o  working consoles 

according t o  t h e  requirements of t h e  spacec ra f t  and t h e  medical experiments 

program f o r  each particular mission. 

experiments w i l l  require  t cs t  s u b j e c t s  cons i s t ing  of small animals. 

experiments w i l l  r equ i r e  Space Biology laboratory and t echn ica l  support .  

The instrumentation w i l l  

The pathophysiology and toxicology 

These 

It is des i r ab le  t h a t  t h e  medical experiments be conducted i n  an 

atmosphere as c lose ly  approaching t h a t  of t h e  e a r t h  as the  design of t he  

spacecraf t  w i l l  permit. 

2) Cost and Ava i l ab i l i t y  

The combined c o s t  of IMBLMS , per iphe ra l  equipment (including 

t h e  Manned Onboard Centrifuge) - 72 M. 

Avai l ab i l i t y  - Early 1976. 
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Man-System In teg ra t ion  (FPE 5.14) 

1) Description and Object ives  

The goal  of t h e  Man-Systems In t eg ra t ion  Functional Program 

element is t o  achieve optimum u t i l i z a t i o n  and support  of man i u  advanced 

space systems. 

man's c a p a b i l i t i e s  i n  space missions and includes t h e  development of t he  

techniques, technology, and equipment required f o r  man t o  perform 

independently o r  i n  cooperation with ground personnel as a decis ion  

maker; a systems manager, opera tor  and maintainer ;  and as a s c i e n t i f i c  

i nves t iga to r .  Spec i f i c  ob jec t ives  are: 

The broad ob jec t ive  i s  t o  determine the  opt imm uses of 

a) Quantify human c a p a b i l i t i e s  f o r  performing physical  and 

mental work as an opera tor  and maintainer  of  space systems and equipment, 

and as a s c i e n t i f i c  i nves t iga to r ,  and t o  provide da ta  f o r  decis ions on 

the  appropr ia te  man/machine mix. 

b) Develop methods f o r  crew se l ec t ion ,  prof ic iency assessment, 

maintenance of s k i l l s ,  and t o  i e e n t i f y  t r a i n i n g  requirements. 

c )  Determine m a n ' s  i nd iv idus l  behavior c h a r a c t e r i s t i c s  and 

group dynamics i n  space. 

d) Develop opera tor  equipment and technology f o r  crew and cargo 

t r a n s f e r ,  assembly, and maintenance i n t e r n a l  and ex te rna l  t o  the  space 

vehicle .  

e) 
vehicles .  

In t eg ra t ion  FPE. 
equipment which includes an ergometer, a i r l o c k ,  a manned on-board cen t r i -  

fuge, and an acous t i za l ly  i s o l a t e d  work area with a con t ro l l ed  l i g h t  

source.  

Develop t h e  technology f o r  hab i t ab le  l i v i n g  areas f o r  space 

The Aerospace Medicine F a c i l i t y  w i l l  support  t he  Man-Systems 

This  f a c i l i t y  w i l l  inc lude  IMBLMS and per iphera l  

2) Coat and Ava i l ab i l i t y  

The cos t  of t h e  experimental  equipment (excluding Aerospace 

Medicine F a c i l i t y  equipment) is estimated t o  be  10 mi l l ion .  

ment required t o  support  t h e  Man~ed-S~stems In t eg ra t ion  FPE w i l l  be  

a v a i l a b l l e  by la te  1975 or e a r l y  1976. 

The equip- 
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Li fe  Support and P ro tec t ive  Systems (FPE 5.15) 

1) Description and Objectives 

The objec t ive  of  LS/PS technologv is  t o  provide a cont ro l led  

and physiological ly  acceptable  environment f o r  f l i g h t  crews during a l l  

phases of a space mission. 

provide a pressur ized  s h i r t s l e e v e  environment t h a t  a l s o  allows €or  

pressure s u i t  operat ion during normal o r  emergency condi t ions.  It m u s t  
supply food, water, and oxygen, provide f o r  personal  hygiene, and remow 

w a s t e  and contaminants. Las t ly ,  t h e  system m u s t  provide a thermal balance 

thruugh u t i l i z a t i o n  of ava i l ab le  energy and d ispers ion  of any excess hea t .  

A bas i c  assuapt ion is  t h a t  da t a  from o t h e r  completed space progiams w i l l  

be  ava i l ab le  f o r  f u t u r e  u t ' l i za t ion .  

provide cr i t ical  information with respect t o  the  environmental require- 

ments, t h e  design criteria f o r  LS/PS, and t h e  technology whJ.ch w i l l  allow 

and assist men t o  perform e f f e c t i v e l y  on fu tu re  space missions. The much 

needed information w i l l  be  provided through the  following goals :  

The l i f e  support  system u a t ,  therefore ,  

This FPE is being included t o  

a) Inves t iga t ion  of t h e  bas i c  chemical and physical-phenomena, 

and t h e i r  occurrence and rate of occurrence i n  those grav i ty-sens i t ive  

elements of  fu tu re  LS/PS components and subsystem assemblies.  

b) Evaluation of advanced component, subsystem, and system 

performance, r e l i a b i l i t y ,  v e r i f i c a t i o n ,  and f i t  in the  space environment. 

c) Inves t iga t ion  of man-system and system-vehicle in t e r f aces  

and demonstration of m a n ' s  a b i l i t y  t o  accomplish maintenance and repair 
operat ions.  

2) Cost and Ava i l ab i l i t y  

The combined cos t  of providing one conceptual experimenter u n i t  

f o r  each of 14 d i f f e r e n t  experiments described i n  Table I1 of FPE 5.15 

is estimated t o  be 40 mil l ion  d o l l a r s .  

support  t he  Li fe  Support and Pro tec t ive  System w i l l  be ava i l ab le  by 

1975. 

The equipment required t o  
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Naterials, Science and Procesaing (FPE 5.16) 

1) Descriptfon and Objectives 

The ob jec t ive  of t h i s  experiment is  t o  e s t a b l i s h  the  f e a s i b i l i t y  

of processing and manufacturing products i n  space which can bes t  be uiade 

i n  a near  zero-gravity or extremely clean vacuuu environment. The f i n a l  

products must meet a real and s i g n i f i c a n t  need of science and i ndus t ry ,  

and have a value exceeding t h e  c o s t  of space processing and t ransporta-  

t ion.  In add i t ion ,  t h e  experiment m u s t  demonstrate man's c a p a b i l i t y  t o  

r e p a i r  and operate  equipment i n  space. 

The experiments chosen f o r  t h e  program include: 

Thin f i l m  - f o r  higher  p u r i t y  and q u a l i t y  e l e c t r o n i c  devices. 

G l a s s  Casting - f o r  l a rge  p e r f e c t l y  s p h e r i c a l  lenses. 

Spherical  Casting - f o r  p rec i s ion  s p h e r i c a l  c a s t i n g  of minimum mass. 

Composit Casting - f o r  high s t r e n g t h  conposites.  

Variable Density Casting - f o r  high q u a l i t y  and uniformity of 
formed material. 

2) Cost and A v a i l a b i l i t y  

Cost - $30 M 
Avai l ab i l i t y  - 30-36 months 
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MSF Engineering and Operations (FPE 5 . 2 4 )  

1) Descript ion and Objectives 

This experiment is a mult i - facet  experiment program aimed a t  

developing engineering methods and opera t ions  concepts for f a t u r e  

advanced missions.  

includes experiment hangar; guidance, s t a b i l i t y  and con+.rol technology; 

advanced pcwer systems; advanced o r b i t a l  EVA system: * 

repair techniques; l c g i s t i c s  and resupply;  manned i 

This FPE c o n s i s t s  of a set of experiments t h a t  

dn tenance  and 

.my  and space 

l iving f a c i l i t i e s ;  wireless power; and laser canrmunj ‘1. 

2) Cost and Ava i l ab i l i t y  

This is a Multi-Purpose Program, and a v a i l a b i l i t y  and cos t  a r e  

complex func t iom of t he  f i n a l  space s t a t i o n  development a c t i v i t y .  

gross cos t  is $400 mi l l i on ,  and the  equipment w i l l  be a v a i l a b l e  during 

t h e  1975-1985 period. 

The 
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A r t i f i c i a l 4  Experiment ( R E  5.x) 

1) Descriptfon and Objectives 

This experiment nrovides ope ra t iona l  at?:; engineering da ta  which 

may be  usefu l  i n  t h e  assessment of  a r t i f i c i a l - g  e f f e c t s  3n man's a b i l i t y  

t o  perform i n  space. 

a r t i f i c i a l - g  por t ion  t h e  Space Base as t c  t h e  a l l o c a t i o n  rind configura- 

t i o n  of experiments and support  funct ions between the  zero and a r t i f i c i a l -  

g port ions.  Performance of t h e  experime,tt require- t h a t  the  Space S t a t i o n  

b, ro t a t ed  a t  a rate and radius which is nominally equivalznt  t o  t h a t  

expected f o r  t h e  Space Base. 

hardware and operat ions be  employed, t o  t h e  ex ten t  p r e . t i c a b l e ,  which 

w i l l  be evaluated during t h e  experiment as ii secondary and support ing 

objective. 

Base a r t i f  i c i a l -g  hardware. 

This information impacts on t he  design of t h e  

This requi res  t h a t  r o t a t i o n - F x u l i a r  

This may ve r i fy  or impact t h e  design and cont ro l  0': t he  Spaco 



B-i 

APPENDIX b 

ELEXXRICAL POWER SYSTEU 

mis appendix gives  more d e t a i l e d  d a t a  on t h c  i n t e r i m  space 

s t a t i o n  power requirements and s y s t e m  s e l e c t i o n .  

t h e  r e s u l t s  from several Earth c r b i t  spacec ra f t  s t u d i e s ,  the power 

requirements developed and t h e  systems as defined. 

were used t o  evaluate alternate electrical power systems fo r  the  

in t e r lm  space s t a t i o n .  

Table B-1 shows 

These results 

WLSA has to  d a t e  maintained p a r a l l e l  t echn ica l  development on 

a number of systems t h a t  could supply electrical power from t h a t  

required f o r  t h e  unmanned planetary s p a c e c r a f t  t o  t h e  Space S t a t i o n  

and eventual ly  t h e  Space B a s e .  

o f  s e v e r a l  subsystems. TLe two prlmary subsystems are t h e  energy 

source and t h e  power conversion; however each system also includes 

paver conditioning and power d i s t r i b u t i o n  subsys:ems. Tab le  B-2 
shows the  major electrical systems which are under development. 

These are categorized by energy socrce ana power conversion, an.! an 

ind ica t ion  is given f o r  each of t h e i r  approximate operat ing power 

output range. 

Each of t h e  systems is an arrangement 

So la r  cells are cechnological2y a v a i l a b l e  with the  2430 square 

f e e t  of panels scheduled to  f l y  on Skylab I. 

produce over 20 k i lowa t t s  i n  direct s u n l i g h t  and i t  is configured t o  

supply k i lowa t t s  continuously i n  Earth o r b i t ,  with i ts  b a t t e r y  backup. 

Fuel cells are a l s o  t echn ica l ly  ready, haviy: flown on Gemini and 

Apollo. 

be the  most advanced t echn ica l ly ,  and i t  is expected t o  be operat ional  

first, then followed by the  SNAP-8 r e a c t o r  systems. One NASA estimate 

of t h e  power capab i l i t y  an.! a v a i l a b i l i t y  i s  given i n  Figure B-1, 

Bef. B-1. 

This s o l a r  a r r a y  can 

Of t he  nuclear  systems t h e  isotope Brayton system appears to 

Charac te r i s t i c  weights and areas for various candidate nuclear  

power source systems have 

and * ? k t 2  are given i n  T a b l e  B-3 f ~ t  * -  

Note the  vide r a z e  of sys -em w r  , 

t he  nuclear r eac to r  system 

i n  spacecraf t  arrangements, 

,en estimated by Lewts Pesearch Center, Ref.B-2 

‘1s 0 ,  & r a t i n g  ccndi t ions.  

: qilrvalent power output of 
.3 l a rge ly  from v a r i a t i o n s  

. J .., .u& cra;imptions, and r eac to r  locat ion.  
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Table B-1 

TYPICAL EARTH ORBIT POWER REQUIREMENTS (WATTS) 
SNAP-8 Large 

Single Thermoelectric Space 
Launch fo r  S ta t  ion 
Space Space Power MORL 

T i t l e  Station S ta t  ion Systems Study 

Crew Size 6-9 6-9 9 6-9 

Study Contractor Boeing NAR (AI) TRW Douglas 

Reference B-3. B-4. B-5. 6-6. 

Study Date O c t .  1967 Sept. 1969 O c t .  1968 Jan. 1966 

Instrumentation 2000 

Communication 
and Data 560-1100 

Stab i l i ty  and 
Atti tude Control 690 

Crew Systems 6 70 

Life  Support 
Thermal/ } 1000 
Environment 

Experiments 1000-4000 

Maintenance Check- 
out, Repair  

Airlock/MDA 

CSM (Quiescent) 
each 

Docked Remote 
Modules 

Subtoral 5400-9000 

Contingency - 
TOTAL 5400-9000 

1400 

1 1000- 3000 

5000- 7000 

1200 

2000 

1000 

1000-2000 

1000-2000 

1000- 3000 

15600-26100 

1600-26bO 

17200-2870" 

} 1300 

1900 

600 

} 9000 

5 700 

18500 

1500 

20000 

1063-268 

760-311 

1650- 78 7 

609-181 

3251-2735 I 
3000 

3148-827 1. 
13481-8409 

1300 

14 781-9799 
( p e d )  (avg) 

lvlp 
Capability 

3 

NASA 

B-7. 

Aug. 1969 

OWS 1300 

AM 1000 

MDA 200 

CSM 1100 

ATM 2650 

6250 

9 30 

7180 
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Table B-2 

O I D A T E  POWER SYSTEMS FOR SPACE STATIONS 

Energy Sources 

Nuclear 
Reactor Radio- 
(SNAP-8) isotope SUn Chemical 

UP t o  
25 KWe Thermoelectric 

Bray ton up to 
100 Kwe 

up to 
z 15 We 

35-50 W 
'Mercury Bankine (SNAP-8 SYS) 

Solar Cells 

up to 
%I 20 me Fuel Cells 

up t o  
50 KWe 
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Table B-3 

NUCLEAR SOURCE POWER SYSTEM C W C T E R I S T I C S  

System Radiator 
E lec t r i c  Weight Arec 

Reactor Power (Shielded) 450"R Sink 
F t 2  - -.- Condition KK* l b s  

Mercury Rankine 

dercury Rankine 

1300" F 
353 -31t 25 50,000 - 1150 

130,000 

1300" F 
600 KWt 55 

1100" F 

"Benign" 
Mercury Rankine 600 KWt 25 

Thermoelectric 1300" F 
coo KWt 25 

1100" F 

"Benign" 
Thermoelectric 600 KW, 25 

Bray ton 

Bray ton 

Brayton 

1300" F 
110 KWt 

1300' F 
648 KW, 

25 

105 

iiS0" F 
600 KW 100 
"Benlgk" 

1850 

2000 

1900 

3200 

1600 

5500 

10000 

Isotope Brayton 100 KWt 25 13,000 1500 I 
Solar  Cells 

Array 
25 22,000 7400 

Area 



E-6 

The f u e l  cell  being a chemical system, i ts  weight is more than 

j u s t  a funct ion of  power l eve l .  

suppl ied,  i t  r eau i r e s  a t o t a l  of about one pound of hydrogen and 

oxygen reactants. The f u e l  cell  system weight,  then, is s e n s i t i v e  

t o  mission dura t ion  and/or resupply period. 

f u e l  cel l  weight varies as a funct ion of  resupply per iod and power 

output .  

comparison. 

b e  1975. 
than 30 day8 are required before  t h e  f u e l  cells look b e t t e r  than the  

o t h e r  systems on only a weight basis. 

For each kilowatt-hour of energy 

Figure B-2 shows how 

Weight f o r  o the r  candidate  systems is a l s o  shown f o r  

The technology readiness  da t e  f o r  a l l  systems is assumed to  

The graph shows t h a t  mission o r  resupply per iods of less 
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APPENDIX C 

PCM/PM TELEMETRY DATA TRANSMISSION LINK 

Table C-1 t abu la t e s  those elements which con t r ibu te  t o  o r  e f f e c t  

t h e  telemetry downlink performance. 

e l e c t r o n i c  c h a r a c t e r i s t i c s  of t h e  telemetry equipment and f a c i l i t i e s  

as used. 

transmitter and antenna on the  DWS should be comparable t o  those 

employed aboard the CSM f o r  high d a t a  rate telemetry.  

c h a r a c t e r i s t i c s  given i n  Table C-1 are f o r  a PCM/PM l i n k .  

could have been evaluated, but  i ts r e s u l t s  would have been similar and 

i t  would have very comparable performance. 

is 11.5 w a t t s  at high power, and w a s  used i n  t h i s  ca l cu la t ion .  

l o w  power r a t i n g  is 3.24 w a t t s .  

w a s  assumed t o  be used i n  t h e  wide beamwidth mode f o r  maximum gain 

and coverage. 

diameter antenna insta l a t i o n s ,  both of wnich would be used when avail- 

able;  however, f o r  t h i s  ana lys i s  only t h e  30 foo t  d i sk  is  considered. 

The 30 foot  antenna has be t t e r - low angle  coverage, and i t  F:>,*;deS 

g r e a t e r  a c q u i s i t i o n  range and t i m e  over '_ s i te  than does the  85 foo t  

antenna. 

l i n k  is t he  condition t o  ve r i fy .  

In add i t ion  the re  is given t h e  

It has been postulated t h a t  t h e  high d a t a  r a t e  l i n k  telemetry 

The e l e c t r o n i c  

A PCM/FM l i n k  

The PM transmitter c a p a b i l i t y  

Its 

The spacec ra f t  S-band high-gain antenna 

The MSFN ground network c o n s i s t s  of 30 and 85 f e e t  

However, because of i t s  smaller gain,  t he  30 foo t  d i sh  i n  the 

The f r e e  space loss is based on 1500 NM range which is  about t h e  

m a x i m u m  f o r  t he  mission o r b i t s  s e l ec t ed .  It has been assumed t h a t  t h e  

carrier lockon occurs a t  zero degrees e l eva t ion ,  and t h a t  da t a  transmission 

would commence and terminate at e leva t ion  angles of 5' above the horizon. 

The system no i se  temperature was based on t h e  cooled parametric ampl i f i e r  

receivers a t  5" e leva t ion ,  which are a v a i l a b l e  a t  most of t h e  MSFN sites. 

A t racking bandwidth between 50 and 700 Hz can be used, but  t o  be 

conservative a 700 HZ was assumed. I n  o rde r  t o  assess e r r o r  rate 

performance, i t  was assumed t h a t  mult iple  s i g n a l s  are precluded f o r  these 

wideband channels. Thus nG -Alowance is  necessary f o r  degradation due t o  

interchaanel  i n t e r f e rence .  

procedures were obtained from d a t a  and information contained i n  
The equipment c h a r a c t e r i s t i c s  and operat ing 

k f s .  G1 t o  C-4. 
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Table C-1 

SPACECRAFT TO MSFN TELEMETRY POWER BUDGET 

Transmitter power (11.5 w) 

Transmitter antenna gain 

Transmitter and pointing l o s s  

Receiver antenna gain (30') 

Free space l o s s  (2300 MHz, 1500 nm) 

Received power 

Carrier 

Modulation loss (A@ = 1.1 radian) 

Carrier power 

No (T = 126 OK) 

Carrier noise  bandwidth (700 Hz) 
Noise power 

Carrier t o  noise  r a t i o  

Required f o r  carrier t racking 

Carrier margin 

Modulation l o s s  (A@ = 1.1 radian) 

Signal power 

Required ST/No (BT=l, PCM/PM, Pe - 
Mechanization l o s s  

Data rate (20 mbps) 

No (T = 126 OK) 

Threshold s igna l  

Data Channel margin 

10.6 db 

8.7 

- 3.0 

44.0 
-168.3 

-110.0 db 

- 7. db 

-117. 

-207.6 
28.5 

-179.1 

62.1 

12. 

56.1 db 

- 1.0 db 

-111. 

14. 
- 2 .  

73 

-207.6 

-118.6 

7.6 
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A a a r g i n  of performance is  necessary i n  communications channel8 

due t o  poss!ble equipment degradations. 

allowance f o r  w e l l  defined l i n k s  and due t o  t h e  extensive experiencs i n  

telemetry designs f o r  Earth o r b i t a l  app l i ca t ions ,  should be s u f f i c i e i  L 

tolerance f o r  t h i s  l i n k .  As can be seen from Table C-1, t h e  carrier 

margin of 50.1 db and d a t a  channel margin of 7.6 db are g r e a t e r  than t h e  

necessary 3 db and the re fo re  t h i s  l i n k  would perform adequately even under 

degraded conditions.  

t h a t  which reduces the  da t a  channel margin t o  3 db. 

(10.6 db minus 4.6 db),  o r  4 watts, is necessary f o r  these wideband links. 

Table C-1 shows t h a t  a transmitter power of 11.5 w a t t s  is i n  excess of 

t h a t  required by the  wideband channel and t h a t  a d d i t i o n a l  system degradation 

could be t o l e r a t e d  and s t i l l  maintain sstis factory performance under 

t h e  assumed conditions.  

A margin of 3 db is  a t y p i c a l  

The minimum t r ansmi t t e r  power condition would be 

Thus a power of 6 db 
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APPENDIX D 

MSFN RECEIVER COVEFAGI: 

Figure D-1 shows the  global  loca t ione  gf the ground i n s t a l l a t i o m  

of t he  MSFN, Ref. D-1. 

a representa t ive  o r b i t a l  a l t i t u d e  of 200 nm. 

a l t i t u d e  of the  in te r im lab,  t he  rad ius  of coverage would be about 10 

percent grea te r .  Jete t h a t  t h e  P 5  foot  dishes  a re  mounted i n  such a way 

t h a t  t h e i r  low angle b l ind  zone, keyhole, l i es  East-West, while fo r  t h e  

30 foot  dishes  i t  l i e s  North-South. 

b e t t e r  low angle coverage by the  smaller dishes  i n  support  of  lower 
.* . d i n a t i o n  o r b i t s ,  Ref. D-2. 

The coverage f o r  these e t a t i o m  i o  a leo  shown fo r  

A t  245 nm, t h e  postulated 

This keyhole ax i s  keyhole gives  a 

Also shown i n  Figure D-1 are two ground t r aces  f o r  a 28.5" inc l ina-  

t i o n  c r b i t .  

view of a MSFN ground s t a t i o n .  AH t h e  o r b i t  regresses  t h e  spacecraf t  

continues to  pass over a t  least four  such s i t e s  each o r b i t .  

s i t u a t i o n  occurs a f t e r  approximately 24 o r b i t s  (trace labe led  "W") when 

coverage is a t  a minimurr,. A t  t h i s  t i m e ,  only t h e  Canary I s lands  (Cy I) 
s t a t i o n  a f fo rds  adequate coversge, and with b r i e f  contact  ind ica ted  f o r  

Guam (GWM) and Madrid (MAD). This worst case s i t u a t i o n  could be remedied 

by re loca t ion  o f  t h e  t racking  s h i p  USNS Vanguard, perhaps more near  t h e  

Equator. It is s t a t ioned  as shown on Figure D-1 f o r  launch and o r b i t a l  

i n s e r t i o n  coverage. 

The i n i t i a l  launch t r a j e c t o r y  labeled "L" is repeatedly i n  

The worst  

The higher  i n c l i n a t i o n  o r b i t  ( 5 0 " )  disp lays  a s i m i l a r  s i t u a t i o n  i n  
regards t o  coverage. As shown in Figure D-2, f o r  t h i s  i nc l ina t ion ,  t h e  

worst coverage (W) occurs with only marginal coctact  w i t h  Hawaii (HAW), 
Ascension Is lands  (ACN) and Santiago ( S A N )  i f  ava i lab le .  Again soze 

supplementary coverage would be  desired.  

Inc l ina t ions ,  t h e  a v a i l a b i l i t y  of  a t  l e a s t  one MSFN s i t e  per  o r b i t  f o r  

da ta  transmission is a consei-:.ttive estimate. 

w i l l  be overflown f o r  most o r b i t s .  

For e i t h e r  of t he  mission 

I n  p rac t i ce  seve ra l  sites 

Most of the  MSFN s t a t i o n s  have dual  receivers as is ind ica ted  i n  

Table D-1. Thup chese s t a t i o n s  are capable of  recept ion of four  separa te  
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Table D-1 

EQUIXXENT SYSTEMS LOCATED AT MSFN STATIONS 

I- 
I ,  I 
i i i  

SPAN 

x x x i  IX q x  
x x x X # X ( . U ] X  

x x x q x  I I 

X X ' X  1 
I 

! X  ' X i  

x p i  X'rx 
X Ix i X . 1  I 

1 I x x x  x 
X 

X X X Xi" 

I 

I 

3 

1Apollo TLM and CMD RSDP's (642B). 
a A R U  does not have updata or R&RR capability. 

3Present confifturation is 30' single station. 
'ACN will have two separate 30' USB antennas and three 
range a d  range rate systems by March, 1971. 

%on-oOberept %band between 2260 and 2300 MHz. 

planne<l to he operational by July 1, 1972. 
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APPENDIX E 
SPACECRAFT ORBIT MAINTENANCE 

Consider t h a t  atmospheric drag has lowered the c i r c u l a r  o r b i t  

a l t i t u d e  an amount A r ,  and t h a t  a coplanar Hohmann t r a n s f e r  is made 

from t h e  decayed o r b i t  o f  radius  r-Ar back t o  t h e  o r i g i n a l  o r b i t  of 

radius r. The following calculates the  ve loc i ty  impulse required. 

L e t  AV1 = impulse on o r b i t  of r ad ius  r-Ar t o  raise o r b l t  

AVp = impulse on o r b i t  of radius  r t o  c i r c u l a r i z e  

112 112 
AVl = p (7 - - L [ r 2 A r  r- 'Ar)] 3 - [ r-Ar ] 

Ar I?,, - [ %] ' I 2  2 1 

1- - 1- - 2 r  1- - r 

b u t  f o r  - < e  A r  1 w e  get r 

then 

again i f  I 
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Therefore the to ta l  required impulse is 

where 

Vc = e= circular velocity a t  radius r 

' c  Ar 
2 r  AV = - -  

but for Ar small we can write 

f inal ly  w e  can w r i t e  

vc bp AV - 3 P  
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APPENDIX F 

LOGISTIC SPACECRAFT WEIGHTS 

The detailed l o g i s t i c  spacecraft weights for both the stowed 

items and the f ixed items as they vtie used for t h i s  report are 

given i n  t h i s  sectisii. Tables F-1 and F-2 give the weights for the 

three-men and four-men versiod of the Apollo command and service 

modules respectively. 

launch vehicle  adapter and for the launch escape syrtem. 

Tables F-3 and F-4 list the weights f c r  the 
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Table p-3 

LAUNCH VEHICLE ADAPTER WEIGHT SUMMARY 

Saturn IV-B 
Structure 4095 l b s  

60 Electrical Power System - 
Total 4155 

T i t a n  111-M 
Structure 4940 l b s  

60 Electrical Power System - 
Total 5000 
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Table F-4 

MOLL0 LAUNCH ESCAPE SYSTEM WEIGHT SUMMARY 

Structure 2445 l b s .  

Electrical Power System 65 

Propulsion System 2270 

Propellants 3200 

Q-Ball 25 

1240 Ballast 
Total 9245 

- 

NAM--AIc- COaL , CJU. 


